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Harris Semiconductor Military & Aerospace Products 


This databook contains detailed technical information on the extensive line of 
military and aerospace analog products currently available from Harris 
Semiconductor. Other high reliability products available under the brand names of 
GE, RCA and Intersil -- now a part of the New Harris Semiconductor -- can be 
found in the two-volume GE Solid State High-Reliability databook. Volume | 
contains information on CMOS ICs and Volume II covers Analog ICs and Discrete 
Devices. In addition, a Harris Semiconductor Digital Military databook will be 
available Spring 1989. 


Copyright © Harris Corporation 1989 
(All Rights Reserved) 
Printed in U.S.A. 
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Harris Linear, Data Acquisition and 
Telecom Products 


Harris Semiconductor’s spectrum of analog products meet many specialized requirements 
ranging from precision to low power to high speed performance. Capitalizing on advanced 
linear processing technologies developed over the past two decades, Harris Semiconduc- 
tor offers analog products of high quality and unmatched performance. 


This data book describes Harris Semiconductor's military line of Linear, Data Acquisition, 
and Telecommunication products. In addition, it includes a complete set of data sheets for 
product specifications; a section of application notes with design details for specific appli- 
cations of Harris products; and a description of the Harris quality and high reliability 
program. 


If you need more information on these and other Harris products, please contact the nearest 
Harris sales office listed in the back of this data book, or return the reply card attached 
inside back cover. 


Harris Semiconductor products are sold by description only. All specifications in this data book are applicable only 
to packaged products; specifications for dice are available upon request. Harris reserves the right to make 
changes in circuit design, specifications and other information at any time without prior notice. Accordingly, the 
reader is cautioned to verify that data sheets and other information in this publication are current before placing 
orders. Information contained in the application notes is intended solely for general guidance; use of the information 
for user’s specific application is at user’s risk. Reference to products of other manufacturers are solely for 
convenience of comparison and do not imply total equivalency of design, performance or otherwise. Finally, without 
the prior specific approval of an officer of Harris, the Harris products should not be used as critical components (i.e., 
failure of the Harris product is likely to cause failure of the system) in life support devices or systems (i.e., surgically 
implantable devices or life-sustaining machines). 
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General Information 


ALPHA NUMERIC PRODUCT INDEX PAGE 
HA-2400/883 PRAM Four Channel Programmable Operational Amplifier..............0eee0e 3-3 

HA-2420/883 Dae iO ON els coe ax dcs eee ee es COS ae ee ee owes 7-3 sf 
HA-2500/883 Precision High Slew Rate Operational Amplifier... 0.0.0... 0.0... c cece e eee ees 3-14 2 = 
HA-2502/883 Precision High Slew Rate Operational Amplifier .......... 0.0... cee eee ee eee eae 3-14 1 = 
HA-2510/883 High Slew Rate Operational Amplifier 6 ee Se Se Oe ee cca 3-26 ai S 
HA-2512/883  HighSlewRate Operational Amplifier ............ccccccceceeeeeeeeeueeuees 3-26 On 
HA-2520/883 Uncompensated, High Slew Rate Operational Amplifier .................0000ee 3-38 = 
HA-2522/883 Uncompensated, High Slew Rate Operational Amplifier ............ 0.200 eee aee 3-38 
HA-2529/883 Uncompensated, High Slew Rate High Output Current, Operational Amplifier .... 3-50 
HA-2539/883 Very High Slew Rate Wideband Operational Amplifier.............. 00. e ee eeae 3-63 
HA-2540/883 Wideband, Fast Settling Operational Amplifier .......... 0... cece eee eee eee 3-75 

HA-2541 /883 Wideband, Fast Settling, Unity Gain Stable, Operational Amplifier............... 3-87 
HA-2542/883 Wideband, High Slew Rate, High Output Current, Operational Amplifier ......... 3-99 
HA-2544/883 VigteS SOONG PDOs cs v's secs oo ww ork Vin cea sv etees wre Cele nae eg ene OR 3-112 
HA-2600/883 Wideband, High Impedance Operational Amplifier ........... 0. c cece eee eee 3-126 
HA-2602/883 Wideband, High Impedance Operational Amplifier ........... 0. ccc eee eee ees 3-126 
HA-2620/883 Very Wideband, High Impedance Uncompensated Operational Amplifier ........ 3-138 
HA-2622/883 Very Wideband, High Impedance Uncompensated Operational Amplifier ........ 3-138 
HA-2640/883 High Voltage Cipera oral ries ee fcc sues ong ap be eaets Rhine ea aime 3 Pe 3-150 
HA-4741/883 CY EE Cia ae hase east AMAR a EEA PS RCD 3-162 
HA-4902/883 PrecisioniGuaa Camara a6 Sis oo oc en 0nd ss cy ae ae ee eine 3-174 
HA-5002/883 Monolithic, Wideband, High Slew Rate, High Output Current Buffer............. 3-185 
HA-5033/883 NPIS a a dott sce ce ee Sed CEE Fn ae cas oa 3-199 
HA-5101/883 Low Noise, High Performance Operational Amplifier ............0ce cece eee eee 3-212 

HA-51 02/883 Dual, Low Noise, High Performance Operational Amplifier ...............0000 08 3-226 
HA-5104/883 Low Noise, High Performance, Quad Operational Amplifier ................000- 3-240 
HA-5111/883 Low Noise, High Performance Uncompensated Operational Amplifier ........... 3-254 
HA-5112/883 Dual, Low Noise, High Performance Uncompensated Operational Amplifier ...... 3-268 
HA-5114/883 Low Noise, High Performance Operational Amplifier ........ 0.05.0 c cess ee eees 3-282 
HA-5127/883 Ultra-Low Noise, Precision Operational Amplifier ............ 0c cece ee ee eee nee 3-296 
HA-5134/883 Precisinn:Guad Operational Amoutien oe 65. ovine 35, sos en tat ern reese oes 3-310 
HA-5135/883 PRC Tei Crea ek TAIT oso Ssh chin ph xk eee pe ace owe eee 3-324 
HA-5137/883 Ultra-Low Noise, Precision Wideband Operational Amplifier ................08. 3-338 

HA-5141 /883 Single, Ultra-Low Power Operational Amplifier... 0.0... 0.00. eee e eee ee ee eens 3-352 
HA-5142/883 Dual, Ultra-Low Power Operational Amplifier ........... 0. cece eee ee ee ene 3-365 
HA-5144/883 Quad, Ultra-Low Power Operational Amplifier .... 0.06... cee ee cee eme rene ene 3-378 
HA-5147/883 Ultra-Low, Precision High Slew Rate Wideband Operational Amplifier........... 3-391 
HA-5151/883 Single, Low Power Operational Amplifier ..... 0.0... cece eee eee eee rene eee ees 3-405 
HA-5152/883 Dual; Low Power Operational AMplifiol oop nn soy pos wa a see reneiery rere eed Fine 60 8 ope 3-419 
HA-5154/883 Quad, Low Power Operational Amipitior «socom a 5h ca kos kes minis ot os bs 3-433 
HA-5177/883 Ultra-Low Offset Voltage Operational Amplifier ............ cece eee ee ee ees 3-447 
HA-5190/883 Wideband, Fast Settling Operational Amplifier ........ 0... cece eee e eee eens 3-462 
HA-5330/883 Very High Speed Precision Monolithic Sample and Hold Amplifier .............. 7-16 
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ALPHA NUMERIC PRODUCT INDEX (Continued) PAGE 


HC-55564/883 Continuously Variable Slope Delta-Modulator (CVSD) .........cceceee ee ev eens 6-140 
HI-200/883 Dual SPST CMOS Analog Switch....... 2... cece ween S. ew haa eee ta gv ee aoe 4-3 
HI-201/883 Quad:SPST CMOS Analog Switch... bade tec e cae e es Ges Maas ow hed 4-13 
HI-201HS/883 HighSpeed Quad SPST CMOS Analog Switch .......... ccc cece cece cere ees 4-23 
HI-222/883 Dual SPST High Frequency/Video SWitch 1.0.0... ccc cece tee ee eee enee enone 4-34 
HI-300/883 Dual SPST CMOS Analog Switch............4. bE aaa ee Nadie s Dh Va a os 4-46 
HI-301/883 Berd CANIS PAITOIOC SHI ea sco eo ncaa ews eae Pee ces ne bed as oh wes 4-57 
HI-302/883 ee ee A CGY 5 ose ence sical ee cae eavaeeg te see Lea enee Rane 4-68 
HI-303/883 Pre a Pe IO cs oc cine oka cd oeewenbDedaecebesesendssms 4-79 
Hi-304/883 Dual SPST CMOS Analog Switch 2.0.0 a canon noe weitere nie eet Spee pe ete me ndemas 4-90 
HI-305/883 SPDT GMOS Analod Swit pais. cere onc + pee egeo. pope Rein ne pee O coped hehe FI «5 « tthe 4-101 
HI-306/883 Dual BRST CMOS Analog SWKCN.. wi. i cia cs + ee cad metal aes << Supe 4-112 
HI-307/883 Dual SPDT CMOS Analog SWiten a: ¢.<:-0-csitcscecea't scsteed «reise ewe ba node oe 0 one 4-123 
HI-381/883 Dual SPST CMOS Analog Switch...........0.eseeeees i Son et oy ee 4-134 
HI-384/883 DualiPst GMOS Analeg SW «sien c ake cannes caaasesd vege e se ome 4-145 
HI-387/883 SPDT CMOS Analog SWIHGCH wn os... cass odd Ge nc Oi ante Sembee: ce 4-156 
HI-390/883 DualSPD Ee CMOS Ammo tela pan cschacs. 4 0 oe ccna SA Ae A APR 8 meee 4-167 
HI-506/883 Single 16 Channel CMOS Analog Multiplexer. ...... 0. ccc cece ee eee eee ens 5-3 
HI-507/883 Differential 8 Channel CMOS Analog Multiplexer. ........ 0.0 ccc ee ee ee ween ees 5-3 
HI-508/883 Single 8 Channel CMOS Analog Multiplexer. ........ cece eee wee eee ene eens 5-14 
HI-509/883 Differential 4 Channel CMOS Analog Multiplexer... 0.0... 0. ccc cece ee ee ee eens 5-14 
HI-516/883 16 Channel/Differential 8 Channel CMOS High Speed Analog Multiplexer ....... 5-25 
HI-518/883 8 Channel/Differential 4 Channel CMOS High Speed Analog Multiplexer ........ 5-36 
HI-524/883 4 Channel Wide bard MUMTIOKGE oi oes Sas so ai nce ci packed PA Seats 0 owen 5-47 
HI-546/883 Single 16 Channel CMOS Analog Multiplexer With Active 

Overvoltage Protection 0... ..scce eee ee ster eer e seen tee wet ee peeeeeseeeeene 5-59 
HI-547/883 Differential 8 Channel CMOS Analog Multiplexer With Active 

CVC PO NN cig os Fcc ic bikes Ha Soe os CEDARS Es ed nsieue,0 tip oe oid 5-59 
HI-548/883 Single 8 Channel CMOS Analog Multiplexer With Active 

COVE PIGOTT ire ss o-c.5 s civ wet 6 ce gene ee de So oe ok ENee 8 geo Ses fe a we 5-70 
Hi-549/883 Differential 4 Channel CMOS Analog Multiplexer With Active 

Caria eters ody nls Cac hs cee eo ere hs eae ee tees ono wna 5-70 
HI-562A/883 12-Bit High Speed Monolithic Digital-to-Analog Converter ..........0. cece eee 6-3 
HI-565A/883 High Speed, Monolithic Digital-to-Analog Converter With Reference............ 6-16 
HI-574A/883 Fast, Complete 12-Bit A/D Converter With Microprocessor Interface ............ 6-47 
HI-674A/883 Fast, Complete 12-Bit A/D Converter With Microprocessor Interface ............ 6-78 
HI-774/883 Fast, Complete 12-Bit A/D Converter With Microprocessor Interface ............ 6-109 
HI-1818A/883 Low Resistance Single 8 Channel CMOS Analog Multiplexer ..............000- 5-81 
HI-1828A/883 Low Resistance Differential 4 Channel CMOS Analog Multiplexer .............. 5-81 
HI-5040/883 SSP CNG ee lOO a GIs cse fs be carte ce hoi 4 sap Oe PTE Va eRe we CN Ch ens 4-178 
HI-5041/883 PPTL Bol Sey Be ee Sie oro Teo ah 1) ol 9 Mamma a eae ot Sec Ren ip nc oe eh a 4-189 
HI-5042/883 SPOT Cie ANA NCS oo oa aves 3 oa eae cease eae eee des DI gee De cass 4-200 
HI-5043/883 RISES Tet oe ee ION vg oon otro ioe SSae Behe eevee ore, nae sa aca oss ole a's 4-212 
HI-5044/883 BPS CaO ipl elas cca tc ce seb esa ue dies tens oe nes ob we oa 4-224 
HI-5045/883 DUBEDRS 1 Gi MIG Os o's. Sacre Hobos ABS ins ee Lore Fed Ets OS 0 o:08 4-235 
HI-5046/883 ER Gee Pel Es ce cs cae ea eed s Saeed ve ee doe es shia 4-247 
HI-5046A/883 DR es PCr. irice es catch aes bea Fa ciae cs Pagne Cree rede Kee 4-247 
HI-5047/883 Aa at rad TOT I oe Seok ohne GaSe EOS Coe Ge OVS PEER CA ewes ves ees 4-259 
HI-5047A/883 APS GAs PUIRIOG ICRU OID: ce ab os ogg eee Fs PEA Oa aL es Late ye’ Ces 4-259 
HI-5048/883 DAE el See TION. co sce nck Boots Mie Gas © ae secs Viesees as de) ay oe 4-271 
HI-5049/883 Dual DPST CMOS AMAIOG SWHEN 5 oa ace vs cee sites sb RNs gras oe Sree w alaete velba 4-235 
HI-5050/883 Sa Tis Heo a iy vk PU eines wee Pak eka Pests she Need’ oe ee 4-200 
HI-5051/883 DugtSeel CIOs ANaiOG Silo eas se piesa ane re peta Uren eee ce ees 4-212 
HI-5687V/883 Wide Temperature Range Monolithic 12-Bit Digital-to-Analog Converter ........ 6-28 
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Analog Product Listing 


Analog-to-Digital Converters 


HI-574A/883 
HI-674A/883 
HI-774/883 


Fast, Complete 12-Bit A/D Converter With Microprocessor Interface ................5. 
Fast, Complete 12-Bit A/D Converter With Microprocessor Interface ...............05: 
Fast, Complete 12-Bit A/D Converter With Microprocessor Interface ...............46. 


Digital-to Analog Converters 


HI-562A/883 
HI-565A/883 
HI-5687V/883 


Multiplexers 


12-Bit High Speed Monolithic Digital-to-Analog Converter. ...........0eeeeee 
High Speed, Monolithic Digital-to-Analog Converter With Reference .......... 
Wide Temperature Range Monolithic 12-Bit Digital-to-Analog Converter ...... 


SINGLE 8/DIFFERENTIAL 4 CHANNEL: 


HI-508/883 
HI-509/883 
HI-518/883 
HI-548/883 


HI-549/883 


HI-1818A/883 
HI-1828A/883 


Single 8 Channel CMOS Analog Multiplexer... 0.0... ccc cece cece cece eee eeees 
Differential 4 Channel CMOS Analog Multiplexer. ......... 0c c cece cece cece 
8 Channel/Differential 4 Channel CMOS High Speed Analog Multiplexer....... 
Single 8 Channel CMOS Analog Multiplexer With Active 

BIO GIe F Os cor Cole op ee LESS Te Fs we eee ON ues e Secee ae Cd OPS 
Differential 4 Channel CMOS Analog Multiplexer With Active 

OVSPVOUAGS FPIOIOCHON co 2 ie ree rk ra ce Pe ce eRe ue CaS Cady ve acs ee 
Low Resistance Single 8 Channel CMOS Analog Multiplexer .............000 
Low Resistance Differential 4 Channel CMOS Analog Multiplexer............. 


SINGLE 16/DIFFERENTIAL 8 CHANNEL: 


HI-506/883 
HI-507/883 
HI-516/883 
HI-546/883 


HI-547/883 


4 CHANNEL: 
HI-524/883 


Single 16 Channel CMOS Analog Multiplexer... .... 0.0. c cece eee rete eee e eee 
Differential 8 Channel CMOS Analog Multiplexer. ....... 0... cece eee eee eee 
16 Channel/Differential 8 Channel CMOS High Speed Analog Multiplexer...... 
Single 16 Channel CMOS Analog Multiplexer With Active 

Ce ON a iced, Se eos ig Ree BK apace eR eka AD ey Us oe es 
Differential 8 Channel CMOS Analog Multiplexer With Active 

CVG ITO Ua 25 ties vin vera Se Ls bres wae ee OAs ao es EN eee 


A CRANE ICG HANG WENGE. ia cian Pie week 5 05.0 oe ae ee pe bn eee Sie ele aie a8 


Operational Amplifiers: High Slew Rate 


SINGLES: 


HA-2500/883 
HA-2502/883 
HA-2510/883 
HA-2512/883 
HA-2520/883 
HA-2522/883 
HA-2529/883 
HA-2539/883 
HA-2540/883 
HA-2541/883 
HA-2542/883 
HA-2544/883 
HA-2620/883 
HA-2622/883 
HA-5101/883 
HA-5111/883 

HA-5147/883 

HA-5190/883 


Precision High Slew Rate Operational Amplifier... ......... cee cece eee eee eene 
Precision High Slew Rate Operational Amplifier... .. 0.0... cece e eee eee eee 
High Slew Rate Operational Amplifier.......... cece cece cree eee eee en neee 
High Slew Rate Operational Amplifier... .. 0... cece cee eee eee teen eens 
Uncompensated, High Slew Rate Operational Amplifier.............. eee eee 
Uncompensated, High Slew Rate Operational Amplifier.............. ee eeeee 
Uncompensated, High Slew Rate High Qutput Current, Operational Amplifier. .. 
Very High Slew Rate Wideband Operational Amplifier ...........5.ee sees eens 
Wideband, Fast Settling Operational Amplifier .. 0... 0... eee eee eee eee ees 
Wideband, Fast Settling, Unity Gain Stable, Operational Amplifier ............. 
Wideband, High Slew Rate, High Output Current, Operational Amplifier........ 
Video.Operational.Amplifier 19 qiiA Jaton ais owe Tw Or ea. Sul). a F 
Very Wideband, High Impedance Uncompensated Operational Amplifier....... 
Very Wideband, High Impedance Uncompensated Operational Amplifier....... 
Low Noise, High Performance Operational Amplifier.............0eeeeeees ae 
Low Noise, High Performance Uncompensated Operational Amplifier ......... 
Ultra-Low, Precision High Slew Rate Wideband Operational Amplifier ......... 
Wideband, Fast Settling Operational Amplifier .. 0.0.0... ccc cece e ee ee eee eee 
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GENERAL 
INFORMATION 


Analog Product Listing (continued) 


Operational Amplifiers: High Slew-Rate: (Continued) 


DUALS: 
HA-5112/883 
QUADS: 


HA-2400/883 
HA-5114/883 


Dual, Low Noise, High Performance Uncompensated Operational Amplifier .... 


PRAM Four Channel Programmable Operational Amplifier ...............0000. 
Low Noise, High Performance Operational Amplifier..............cceeeeeeees 


Operational Amplifiers: Wide Bandwidth 


SINGLES: 


HA-2510/883 
HA-2512/883 

HA-2520/883 
HA-2522/883 
HA-2539/883 
HA-2540/883 
HA-2541/883 
HA-2542/883 
HA-2600/883 
HA-2602/883 
HA-2620/883 
HA-2622/883 
HA-5111/883 

HA-5137/883 

HA-5147/883 
HA-5190/883 


DUALS: 
HA-5112/883 
QUADS: 


HA-2400/883 
HA-5114/883 


High Slew Rate Operational Amplifier........... ccc ccc cccccccsscccccvcccce 
High Slew Rate Operational Amplifier.......... ccc cece eee ee ee cece eee eeeeens 
Uncompensated, High Slew Rate Operational Amplifier..............00eee eens 
Uncompensated, High Slew Rate Operational Amplifier...............00e0ee- 
Very High Slew Rate Wideband Operational Amplifier ...........0cceceeeeees 
Wideband, Fast Settling Operational Amplifier ........... cece cece eee eee eee 
Wideband, Fast Settling, Unity Gain Stable, Operational Amplifier ............. 
Wideband, High Slew Rate, High Output Current, Operational Amplifier........ 
Wideband, High Impedance Operational Amplifier ...........cce cece ee eeeees 
Wideband, High Impedance Operational Amplifier .......... cece cece eee ees 
Very Wideband, High Impedance Uncompensated Operational Amplifier....... 
Very Wideband, High Impedance Uncompensated Operational Amplifier....... 
Low Noise, High Performance Uncompensated Operational Amplifier ......... 
Ultra-Low Noise, Precision Wideband Operational Amplifier.................. 
Ultra-Low, Precision High Slew Rate Wideband Operational Amplifier ......... 
Wideband, Fast Settling Operational Amplifier ....... 0.0... ccc cee eee ee ences 


Dual, Low Noise, High Performance Uncompensated Operational Amplifier .... 


PRAM Four Channel Programmable Operational Amplifier ..............00005 
Low Noise, High Performance Operational Amplifier..............ccc cece cues 


Operational Amplifiers: Precision 


HA-5127/883 
HA-5134/883 
HA-5135/883 
HA-5137/883 
HA-5147/883 
HA-5177/883 


Ultra-Low Noise, Precision Operational Amplifier ........... 0000 cc cee eee wees 
Precision Quad Operational Amplnier. ... occ ok occ oa cn wie ee’ ve snececdeveces’ 
Precision Operational Amomnen')s3 fe eer Fe eee AT tas oo HS 
Ultra-Low Noise, Precision Wideband Operational Amplifier...............06. 
Ultra-Low, Precision High Slew Rate Wideband Operational Amplifier ......... 
Ultra-Low Offset Voltage Operational Amplifier ......... 0.0... ccc cee ee eee ees 


Operational Amplifiers: Low Power 


SINGLES: 


HA-5141/883 
HA-5151/883 


DUALS: 


HA-5142/883 
HA-5152/883 


QUADS: 


HA-5144/883 
HA-5154/883 


Single, Ultra-Low Power Operational Amplifier REGAN S ES Ee aN A nh I er 
Single, Low Power Operational Amplifier........... 0.000 cece e cence ec eeecees 


Dual, Ultra-Low Power Operational Amplifier ........ 0... 0c. cc eee cece teens 
Dual, Low Power Operational Amplifier ..... 0.0.0.0... cc cece eee eee eet e tenes 


Quad, Ultra-Low Power Operational Amplifier ......... 0.0.00 cece cence ccueces 
Quad, Low Power Operational Ammer oc. ccc ttc cence ccacerecnsveceen 


Analog Product Listing (continuea) 


Operational Amplifiers: General Purpose 


SINGLES: 


HA-2500/883 
HA-2600/883 
HA-2602/883 
HA-5101/883 
HA-5111/883 


DUALS: 


HA-5102/883 
HA-5112/883 
QUADS: 
HA-2400/883 
HA-4741/883 
HA-5104/883 
HA-5114/883 


Precision High Slew Rate Operational Amplifier......... 0.0... ccc eee ewes 
Wideband, High Impedance Operational Amplifier ...............05. eeeanee 
Wideband, High Impedance Operational Amplifier ........... cece eee e eens 
Low Noise, High Performance Operational Amplifier...............00 0c eee eee 
Low Noise, High Performance Uncompensated Operational Amplifier ......... 


Dual, Low Noise, High Performance Operational Amplifier.................... 
Dual, Low Noise, High Performance Uncompensated Operational Amplifier .... 


PRAM Four Channel Programmable Operational Amplifier ...............0005 
Gust Oneraiiotial primo vc. suse bitten se str or tres vas Clichoe ath ps eau 0 ees 
Low Noise, High Performance, Quad Operational Amplifier.................6. 
Low Noise, High Performance Operational Amplifier.......... 0... cc eee eee 


Operational Amplifiers: High Voltage 


HA-2640/883 


High Voltage Operational Amplifier... . 2... scenic 28 ream de Rea erR Riise ees Ses 


Operational Amplifiers: Addressable 


HA-2400/883 


PRAM Four Channel Programmable Operational Amplifier ................05- 


Operational Amplifiers: Current Buffers 


HA-5002/883 
HA-5033/883 


Comparators 


HA-4902/883 


Switches 
SPST: 
HI-5040/883 
2 x SPST: 


HI-200/883 
HI-222/883 
HI-300/883 
HI-304/883 
HI-381/883 
HI-5041/883 
HI-5048/883 


4x SPST: 
HI-201/883 
HI-201HS/883 


SPDT: 


HI-301/883 
HI-305/883 
HI-387/883 
HI-5042/883 
HI-5050/883 


Monolithic, Wideband, High Slew Rate, High Output Current Buffer ........... 
WIG lw. 6 we ss wu WK a 08 Sana Oa he WRN Bengt 5 NewS eA BRAT ONT ton ae ws asec 


Precision iudd COMO AAION & esc snag Geen tedec ba cte Oy Coe on Gl Tee ee 


By Re a kG vs a lees a ee cee eee We ew Rds Oe ese ween 


Dis SPST GIGS Analog SW osc csi nck hawaiian ea ob ae ose awn ba ceewe 
Dual SPS Fialt FRGGUuenGCV/ VIGGO GWUGH «nc. icc cena eines ones se nas ces cts 
DustSrPaT GMOS Anglog SWIC sos Se a a en ea ale eae see cane ee eee 
ein Sod ae Te Serato i 6 a a nner 
a mare wae ce ee ON ise va gk dd scat e n bas bake a eae een awe RS 
EXUGE oie oa cere a INE) SOWIE a cos Sid vas bau cts bales bbe o's on Paw dale oe are eecee 
Tea ae yt Aa AIO) CP IIOIN ood ca v's fae os New ee oe Wis Ge ee ees BOWE OP RR OS 


iat Se ol Gets AMOR SONI) Gasaiees bo bck 6 wha wUR eck so ebm § eealen et 
High Speed Quad SPST CMOS Analog Switch ........c.ccccccccccccccscees 


ed Oa ee PIA SSID oe eck cS SSE vas wh wee ale Sa ead dete Rem ede e ee BESO 
Se ye ge INN Ns eco d a Foes a See bee ba aloe ee Bee as OS AG Le 
CP eee OU OW es nk Rone awe 8408 sa ok OTERO Ae EEE S Ca ees aD 
WIN ee hoc os aad be Oa ee ke pe lewd ae es Seok ON 
Sake Glia bn eic c ac Bee ys 0 ob 0 ale ee Speed < vale was o0eW eae 
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GENERAL 
INFORMATION 


Analog Product Listing (continued) 


Switches (Continued) 


2 x SPDT: 

HI-303/883 ua eT ION... soo uses ee a ca een onan With oba haere deem 4-79 
HI-307/883 BBLS EOT CMO PWN, 5.0 0-5 psn s dogsk's ¢ eika sa wade ho we Se geese ean 4-123 
HI-390/883 tat Ser) (IOS erie ODD oo 5. 6-a: 5:0 buss 0 a0 4be eens 6 isd Usk bawinee ban 4-167 
HI-5043/883 SOR rs OED ooo goers 9 05s acs As SE ELS SL ee OAS 4-212 
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Ordering Information 


Harris Semiconductor products are represented by 
an extensive network of factory sales personnel, sales 
representatives, and authorized distributors in the 
United States of America, Europe, and the Far East. 
Please contact your nearest sales office, representa- 
tive, or distributor to place an order, obtain price and 
delivery information, or additional product informa- 
tion. A complete listing of sales offices is available by 
contacting your nearest sales office headquarters or 
by contacting the Harris factory at (407) 724-7418. 
Sales office headquarters are listed at the end of this 
data book. 


Product Code 


Harris Semiconductor military product offerings are 
designated by several nomenclature methods. These 
methods are based on their method of compliance to 
the military standards involved. They are: 


Harris Product Code: 
(Issued by Harris) 


Used for all products not subject to government part 
number assignments such as JAN slash sheet num- 
bers and standard military drawing (SMD). Harris 


product code example is listed below. Product which 
is fully compliant to Mil-Std-883 carry a suffix of / 
883. Suffixes indicating Mil-Std “equivalent” parts 
are -8 and -Q. 


JAN (Joint Army Navy): 
(Issued by DESC) 


Used for all devices currently on the qualified parts list 
(QPL) for MIL-M-38510. The part numbers used are 
“JAN slash sheet numbers”. JAN qualified parts are 
subject to regular audit for compliance to military 
standards and may not be changed by Harris without 
government approval and audit. 


SMD (Standard Military Drawing) 
(Issued by DESC) 


Used for all devices specified by DESC by a control 
document which requires full compliance to Mil-Std- 
883. Government approval is required before device 
specifications may be changed by Harris. Although 
specific device audits are not required, Harris must 
maintain a JAN facility qualification before SMD’s may 
be issued. 


HARRIS PRODUCT CODE EXAMPLE 


Harris products are designated by “Harris Product Code”. These products will always begin with the let- 
ter ‘H’ and specific device numbers are isolated by hyphens. An example product code is shown below. 
When ordering, please refer to products by the full code identification. 


H A 1 


PREFIX: 
H (Harris) 


FAMILY: 
: Analog 
: Communications 
: Filters’ 
: Interface 
: Memory 
: Analog High Voltage 


PACKAGE: 
1-: Ceramic Dual-In-Line (DIP) 
2-: Metal Can 


: Ceramic Leadless Chip Carriers (LCC) 


: Ceramic Mini-DIP 
: Chip Form 


- 2400 


/883 


PART 
NUMBER 


TEMPERATURE/GRADE: 

-6: 100% +25°C Probe (Dice Only) 
-8: -55°9C to +125°9C Harris Class B 
Equivalent Devices for Use in 
Military and Flight Systems. 

-Q: -55°9C to +1259C Harris Class S 
Equivalent Devices for Use in 

Spacecraft or High Rel Applications. 
/883: Full Compliance to Mil-Std-883 
-BXXxX: Altered to Customer Requirements. 
B Number is Uniquely Assigned to 
Specific Customer Requirements. 
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GENERAL 
INFORMATION 


Chip Information 


Harris Standard Flows 


Harris Semiconductor offers two standard integrated circuit 
dice product flows which cover the application environ- 
ments our customers experience. These flows range from 
low cost commercial dice to military temperature range dice 
with sample electrical performance data. These product 
grades have one thing in common. They result from 
meticulous attention to quality, starting with design deci- 
sions made during product development and ending with 
the labeling of shipping containers for delivery to our cus- 
tomers. 


Most of the dice offered by Harris are available in the two 
standard grades. Consult the Die Product Data Sheets or 
contact your Harris representative to determine which 
grades are available for a particular circuit. The standard 
flows offered are: 


DASH 6 - Commercial Grade Dice 


DASH 6 dice are 100% probe tested at +25°C to 
assure the maximum/mimimum DC characteristics listed in 
the DASH 6 Die Product Data Sheet. DASH 6 dice are 
intended for use in non-military applications. DASH 6 dice 
are 100% visually inspected to Harris Semiconductor’s 
commercial grade criteria. 


DASH 3 - Military Grade Dice 


DASH 3 dice are 100% probe tested at +25°C to 
assure the maximum/minimum DC characteristics listed in 
the DASH 3 Die Product Data Sheet. DASH 3 dice are in- 
tended for use in military applications. DASH 3 dice are 
100% visually inspected to Harris Semiconductor’s MIL- 
STD-883, Method 2010, Condition B (Class B) criteria. 


To assure that the electrical specifications will be met, a 
sample of the DASH 3 dice are pulled. The dice are 
assembled into standard packages and tested at +259C, 
-55°0C and +125°C to an LTPD of 15/2. The dice and test 
data are supplied to the customer. DASH 3 dice are 100% 
visually inspected to Harris Semiconductor's MIL-STD- 
883, Method 2010, Condition B (Class B) criteria. 


Ordering Information 


Harris products are designated by Product Code and 
dice products will always begin with H. Consult 
your Harris Sales Representative or the factory for 


Mechanical Information 
Dimensions: 


All dimensions given in the die layout section of the Die 
Product Data Sheet are nominal with tolerance of + 0.003 
inches (+ 0.08mm) Die thicknesses are 0.018 inches 
+ 0.003 inches (0.46mm + 0.08mm). 


Bonding Pads: 


Minimum bonding pad size is 0.004 x 0.004 inches 
(0.10mm x 0.10mm). 


Die Product Data Sheets 


To enable hybid manufacturers to understand the charac- 
teristics of the products which Harris Semiconductor offers 
in die form, Die Product Data Sheets have been created for 
selected products and product grades. 


Included on each Die Product Data Sheet is a general de- 
scription of circuit function, die dimensions and layout for 
hybrid design, backside metallization, substrate voltage 
bias conditions, passivation materials and a table of electri- 
cal performance characteristics. 


Dice are placed in conductive waffle carriers, sealed in an 
antistatic bag, and packaged in a suitable shipping contain- 
er. The Die Data Sheet for each product will specify the 
number of dice which will be packed in each individual tray. 


Harris Franchised Die Processors 


Harris Semiconductor also provides dice to customers 
through Harris Franchised Die Processors, who provide 
a line of hybrid-related products which may §include 
semiconductor dice, discrete transistors, resistors and 
other components. 


Services not offered by Harris, but often provided by Die 
Processors include non-standard inspection and electrical 
screening, multi-chip lot kitting, inventory management and 
custom packaging. These features, often requested by 
some Harris Semiconductor die product users, are best 
handled through these Die Processors. : 


Part Number and grade availability, Die Product Data 
Sheets and General Die Product Information. 


HARRIS PART NUMBER EXAMPLE 
H A 0) 


PREFIX: pa 


> 


PACKAGE: 
H (Harris) 0 - Dice 


FAMILY: 

A - Analog 

C - Communications 
D_ - Digital 

| - Interface 

V_ - High Voltage 


2425 - 2) 


= ine go 


PART GRADE: 
NUMBER 6 - Commercial 
3 - Military 
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IC Handling Procedures 


Harris Analog IC processes are designed to produce 
the most rugged products on the market. However, no 
semiconductor is immune from damage resulting 
from the sudden application of many thousands of 
volts of static electricity. While the phenomenon of 
catastrophic failure of devices containing MOS tran- 
sistors or capacitors is well known, even bipolar 
circuits can be damaged by static discharge, with 
altered electrical properties and diminished reliability. 
None of the common IC internal protection networks 
operate quickly enough to positively prevent damage. 


It is suggested that all semiconductors be handled, 
tested, and installed using standard “MOS handling 
techniques” of proper grounding of personnel and 
equipment. Parts and subassemblies should not be in 
contact with untreated plastic bags or wrapping mate- 
rial. High impedance IC inputs wired to a PC. 
connector should have a path to ground on the card. 


HANDLING RULES 


Since the introduction of integrated circuits with MOS 
structures and high quality junctions, a safe and effec- 
tive means of handling these devices has been of 
primary importance. One method employed to protect 
gate oxide structures is to incorporate input protec- 
tion diodes directly on the monolithic chip. However, 
there is no completely foolproof system of chip input 
protection in existence in the industry. In addition, 
most compensation networks in linear circuits are 
located at high impedance nodes, where protection 
networks would disturb normal circuit operation. If 
static discharge occurs at sufficient magnitude (2kV 
or more), some damage or degradation will usually 
occur. It has been found that handling equipment and 
personnel can generate static potentials in excess of 
10kV in a low humidity environment. Thus it becomes 
necessary for additional measures to be implemented 
to eliminate or reduce static charge. It is evident, 
therefore, that proper handling procedures or rules 
should be adopted. 


Elimination or reduction of static charge can be 
accomplished as follows: 


e Use static-free work stations. Static-dissipative 
mats on work benches and floor, connected to 
common point ground through a 1MQ resistor, 
help eliminate static build-up and discharge. Do 
not use metallic surfaces. 


® Ground all handling equipment. 


¢ Ground all handling personnel with a conductive 
bracelet through 1MQ to ground (the 1MQ resistor 
will prevent electroshock injury to personnel). Tran- 
sient product personnel should wear grounding 
heel straps when conductive flooring is present. 


@¢ Smocks and clothing of certain insulating materi- 
als (notably nylon) should not be worn in areas 
where devices are handled. These materials, high- 
ly dielectric in nature, will hold, or aid in the gener- 
ation of a static charge. Where they cannot be 
eliminated, natural materials such as cotton should 
be used to minimize charge generation capacity. 
Conductive smocks are also available as an alter- 
native. 


¢ Control relative humidity to as high a level as 
practical. 50% is generally considered sufficient. 
(Operations should cease if R.H. falls below 25%). 


e lonized air blowers reduce charge build-up in 
areas where grounding is not possible or practical. 


e Devices should be in conductive static-shielded 
containers during all phases of transport. Leads 
may be shorted by tubular metallic carriers, 
conductive foam, or foil. 


e In automated handling equipment, the belts, 
chutes, or other surfaces should be of conducting 
non-metal material. If this is not possible, ionized 
air blowers or ionizing bars may be a good alterna- 
tive. 
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Harris Analog IC Technologies 


JUNCTION ISOLATION (Jl) 


Although it is the most common integrated circuit process, 
Harris offers only a limited number of products, such as the 
HA-4741, using JI technology. Latchup and other problems 
have made the Harris Dielectric Isolation (DI) process, de- 
scribed below, more reliable. 


Bipolar ICs using the JI process generally begin with a 
p-type wafer into which a buried layer pattern can be first 
implanted and diffused. Next the n-type epitaxial layer is 
grown, and p-type isolation walls are diffused around each 
area to be electrically isolated from the other circuitry. 
These isolation walls must be diffused deeply into the wafer 
in order to contact the original p-substrate. In operation, the 
p-substrate and isolation walls are connected to the most 
negative circuit potential, so that each active area is 
surrounded on the sides and bottom by a reverse biased 
junction through which a small current flows (Figure 1). This 
current may not be negligible at operating temperatures 
higher than +100°C. 


To complete the IC, base and emitter diffusions are 
performed, the wafer is coated with aluminum, and the con- 
ductor pattern is etched. 


DIELECTRIC ISOLATION (Dl) 


Harris has developed a different process which has many 
advantages over JI for fabricating high performance analog 
ICs. With Dielectric Isolation (Dl), each active area is sur- 
rounded on the sides and bottom by an insulating layer of 
silicon dioxide and embedded in polycrystalline silicon for 
mechanical strength. 


For bipolar ICs, the process begins with a wafer of 
n-type silicon. The side of the wafer which will eventually be 
the bottom is deeply etched to form the sidewall pattern. 
Silicon dioxide is then grown and polycrystalline silicon de- 
posited to fill the etched “‘moats.” The opposite side of the 
wafer is then polished until the insulating sidewalls appear 
at the wafer surface (Figure 2). Conventional diffusion and 
metallization processes follow to complete the IC. 


(a) BURIED LAYER 
COLLECTOR 

COLLECTOR 

CONTACT 


ICs fabricated under the DI process are superior in the fol- 
lowing ways. 


1. Almost all op amp designs require at least one PNP tran- 
sistor in the signal path. Typical JI op amps must use a 
lateral PNP with its inherently poor frequency response, 
which limits typical compensated bandwidth to 1MHz. 


The DI process makes it practical to build a vertical PNP, 
allowing compensated op amp bandwidths of 50MHz, or 
higher (Figure 3). Also, transistor collector to substrate 
capacitance is significantly reduced DI, further enhanc- 
ing high frequency performance. 


2. Other devices, such as optimally specified MOS or JFET 
transistors may be fabricated on the same chip. Diffused 
and thin film resistors are implemented routinely. 


3. The isolation removes the possibility of parasitic SCRs 
which might create latchup under certain sequences of 
power and signal application. 


4. Leakage currents to the substrate under high tempera- 
ture conditions are greatly reduced. 


DIELECTRICALLY ISOLATED CMOS 


Jl processed CMOS analog ICs, which are generally used 
in conjunction with several power supplies, are particularly 
prone to parasitic SCR latchup failures as well as failures 
due to input voltage spikes. The DI CMOS process (de- 
scribed in detail in Harris Application Note 521) has proven 
to be the best solution. 


Since analog multiplexers are often used at the input of a 
data acquisition system, particular attention must be paid to 
the possibility of damaging input overvoltage conditions. 
Harris has provided an effective answer in the HI-546 
through HI-549 multiplexers with built-in overvoltage pro- 
tection. 


Dark areas denote contact aperatures 
for aluminum metallization 


PLATE 1 
PLATE 2 (Al) 


BURIED LAYER 


P SUBSTRATE 


(b) NPN LATERAL PNP SUBSTRATE PNP MOS DIFFUSED 
TRANSISTOR TRANSISTOR TRANSISTOR CAPACITOR RESISTOR 
COLLECTOR COLLECTOR COLLECTOR PLATE 1 
Si0> cia EMITTER . EMITTER PLATE 2 RESISTOR 
BASE BASE al 
—_x Ne Be ew Se: eee ——————— ———— oa ISOLATION DIFFUSION 


EPITAXIAL 
LAYER 


P SUBSTRATE 


N+ BURIED LAYER 


N+ P N+ Pp oP N+ P N+ N+ P 


FIGURE 1. STRUCTURES OF VARIOUS COMPONENTS FORMED IN THE JUNCTION-ISOLATION PROCESS. 


(a) TOPOLOGICAL VIEW. (b) CROSS-SECTIONAL VIEW. 
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FIGURE 2. PROCESS STEPS FOR DIELECTRIC ISOLATION. (a) SURFACE PREPARATION, (b) N-BURIED LAYER 
DIFFUSION, (c) MASKING OXIDE, (d) ISOLATION PATTERN, (e) SILICON ETCH, (f) DIELECTRIC OXIDE, 
(g) POLYCRYSTALLINE DEPOSITION, (h) BACKLAP AND POLISH, (i) FINISHED SLICE. 
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FIGURE 3. THE HIGH-FREQUENCY PROCESS. (a) CROSS-SECTIONAL VIEW OF P AND N ISLANDS FOR PNP AND NPN 
TRANSISTORS. (b) TOPOLOGICAL VIEW SHOWING RELATIVE PLACEMENT OF TRANSISTOR REGIONS. 
(c) CROSS-SECTIONAL VIEW OF HIGH- FREQUENCY PNP DEVICE FORMATION IN THE D.I. PROCESS. 
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Packaging Techniques 


Harris Semiconductor offers Leadless Chip Carriers 
(LCC) as a packaging option on various Analog 
integrated circuits. An LCC is a square or rectangular 
package for an Integrated Circuit (IC) that is manu- 
factured in the same manner as a conventional 
side-braze dual-in-line package (DIP). The LCC is 
comprised of the cavity and seal ring section of a 
standard DIP and offers the user a means of achiev- 
ing high density system configurations while retaining 
the reliability benefits of hermetic IC Packaging. 
Figure 1 provides a comparison of the construction of 
an LCC and a conventional side-braze DIP. 


CHIP CARRIER 
DIP [ES 


SEAL RING 
; DIE CAVITY 
“\ _ BONDING ros es 
EXTERNAL CONTACTS 
TRACES 
DIE PAD 
“Reg 
EXTERNAL CONTACT PADS ———- 
ASSEMBLY A 
METAL LEADS 
1 
1 


EXPLODED VIEW OF CHIP CARRIER AND DIP 


FIGURE 1. 


The LCC’s two principle advantages over convention- 
al side-braze DIPs are packaging density and electri- 
cal performance. Packaging density is the number 
one advantage to an LCC over a side-braze DIP. The 
size of a DIP is governed primarily by the number of 
leads required and not by the size of the IC. As pin 
count increases, more and more of the DIP package 
is used only to provide an electrical trace path to the 
external leads. The size of an LCC is dependent on 
the size of the die not on the number of leads. As pin 
count increases, overall size increases but at a much 
slower rate. Table 1 provides a comparison between 
the areas of 18, 28 and 48 lead LCCs to 18, 28 and 
48 lead side-braze DIPs. 


TABLE 1. 
LEAD LCC DIP DIP AREA vs. 
COUNT AREA AREA LCC AREA 
18 0.10 0.22 220% 
28 0.20 0.84 420% 
48 542% 


{All Units in Square Inches) 


The chart indicates a 220% improvement in packag- 
ing area for the 18 lead LCC, and 542% improvement 
for the 48 lead LCC. Obviously, sizeable savings in 
circuit board area can be achieved with this packag- 
ing option. The second major advantage of the LCC is 
in electrical performance. The package size and 
geometry also dictates trace length and uniformity. 
Figure 2 provides a comparison between the trace 
lengths for various LCCs and side-braze DIPs. As pin 
count goes up, trace lengths get longer, adding re- 
sistance and capacitance unequally around the pack- 
age. As ICs get faster and more complex these factors 
start to become a limiting factor on performance. 
LCCs minimize this effect by maintaining, as close as 
possible, uniform trace length so that the package is a 
significantly smaller determinant of system perform- 
ance. 
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LEAD LONGEST TRACE DIP LONGEST TRACE 
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FIGURE 2. ELECTRICAL PERFORMANCE 
(RESISTANCE AND SPEED) 


The LCC also offers environmental advantages over 
“chip-and-wire” manufacturing techniques used in 
high density hybrid circuits. An IC can be fully tested, 
burned-in and processed in an LCC, thereby guaran- 
teeing its performance. 


The IC is further protected by a small hermetic pack- 
age in which internal vapor content can be carefully 
controlled during production. 


Harris Semiconductor Leadless Chip Carriers in both 
Ceramic and Epoxy provide reliable, high density, 
high performance packaging options for today’s sys- 
tems. 


Consult the factory or your Harris sales representative 
for pricing and availability. 


Competitive Cross Reference Chart 


Harris Pin-for-Pin Harris Closest Harris 
Manufacturer Part Number Replacement Replacement Advantages 

AM118 HA-2510 Unity gain stable 
AM1408 HI-5618-5 Faster, application resistors 
AM1508 HI-5618-2 Faster, application resistors 
AM318 HA-2515 Unity gain stable 
AM6012 HI-562A Faster, application resistors, int. linearity 

HI-5660 Int. linearity, application resistors 
AM6420 HA-5320 

HA-5330 
LF198 HA-2420 Improved performance 
LF398 HA-2425 Improved performance 
SSS1408 HI-5618-5 Faster, application resistors 
$SS1508 HI-5618-2 Faster, application resistors 


INFORMATION 


a | 
< 
ANALOG DEV 52 HA-5180 Monolithic my 
AD1408 HI-5618-5 Faster, application resistors é 
AD1508 HI-5618-2 Faster, application resistors O 
AD380,AD382 HA-2542 Monolithic 
AD381 HA-2541 Monolithic 
AD389 HA-5320 Faster, monolithic 
AD507 HA-2620 Identical 
AD509 HA-2520 HA-2529 Identical 
AD515 HA-5180 Monolithic 
AD518 HA-2510 
AD542L HA-5170 Better AC 
AD545 HA-5180 Monolithic 
AD547J HA-5170 Better AC 
AD562 HI-562A Faster 
HI-5660 Faster 
AD563 HI-565A Faster 
AD565 Faster 
AD565A 


AD566 HI-5660 
HI-562 

AD566A HI-5660 
HI-562A 


AD574A HI-574A,HI-674A Digital timing, 674A is 2.3 times faster 


AD582 HA-2425 Acquisition time 

AD583K HA-2425-5 Identical 

AD611 HA-5320 Faster, better accuracy 

AD667 HI-5811 

AD7501 HI-508 DI process 

AD7502 HI-1828A DI process 

AD7503 HI-1818A DI process 

AD7506 H1I-506 DI process 

AD7507 HI-507 DI process 

AD7511 HI-201 

AD7512 H1I-5043 

ADADC80 HI-574A Power, smaller pkg. 
HI-674A Faster, power, smaller pkg. 

ADADC84/85 HI-674A Power, smaller pkg. 

ADDAC 08 HI-5618 Faster, application resistors 

DAC 80 HI-5680, HI-5690 5690 is 2.67 times faster 

DAC 85 HI-5685,HI-5695 5695 is 2.67 times faster 

DAC 87 HI-5687,HI-5697 5697 is 2.67 times faster 

ADG200 HI-200 

ADLHOO32 HA-5190,HA-2542 Monolithic 

HOSO50 HA-2542 Monolithic 


HOS100 HA-5033 Monolithic 


MN4708 


MP1812A Faster, monolithic, power, smaller pkg. 
MP250M HA-2420/25 Faster, monolithic, smaller 

MP260 HA-2420/25 Monolithic, smaller pkg. 

MP261 HA-2420 Monolithic, smaller pkg. 

MP270/271 HA-5320 Monolithic, smaller pkg. 


ANALOGIC 


BECKMAN 7556 HI-574A 
7580 HI-5680 


BURR-BROWN 3500 HA-2600 
3503 HA-2505 
3506 HA-2605 
3507 HA-2525 HA-2529 
3508 HA-2625 
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Faster, smaller pkg. 
Faster, monolithic 


Better AC 
Identical 
Identical 
Identical 
Identical 


Competitive Cross Reference Chart (Continued) 


; a aes Pin-for-Pin Harris Closest Harris 
Manufacturer Part Number Replacement Replacement Advantages 


BURR-BROWN 
(cont.) 


DATA DEVICE 
CORP. 


DATEL 


3521 
3523 
3527 
3528 
3550 
3553 
3554 
ADC80 


ADC84/85 
DAC70 
DAC700/701 
DAC702/703 
DAC71/72 
DAC80 
DAC800 
DAC811 
DAC85 
DAC850 
DAC851 
DAC87 
MPC16S 
MPC4D 
MPC800KG 
MPC801 KG 
MPC801SG 
MPC8D 
MPC8S 
OPA103 
OPA104 
OPA11 
OPA21 
OPA27 
OPA37 
OPA600 
OPA633 
SCH298AM 
SCH80/85 
SHC85ET 
SHM60 
ADC574A 
ADC674A 
SHC5320 


ADHO51 
ADH8585 
DDC5200 
DDC5210/11 
DDC5212/16 
DDCADC85 
DDCDAC85 
DDCDAC85LD 
DDCDAC87 
DGL13 
THC4460 


ADC52XXxX 
ADC574A 
ADC8412 
ADC85C12 
ADC8712 
ADCHX12B 


ADCL12B2 
ADCM12B2 


ADCMA12B2A 
ADCMA12B2B 


AM450 
AM452 
AM460 
AM462 
AM464 
DACO8B 
DAC562 


HA-5170 Better AC 

HA-5180 Better AC 

HA-5180 Better AC and DC 
HA-5180 Better AC 

HA-2541 Monolithic 

HA-5033 Monolithic 

HA-2542 Monolithic 

HI-574A Smaller pkg., power 
HI-674A Faster, smaller pkg., power 
HI-674A Smaller pkg., power 
Hi-DAC16 Faster, monolithic 
HI-DAC16 
HI-DAC16 
H|I-DAC16 


Monolithic, ‘‘I output 
Faster, monolithic, power 
5690 is 3.33 times faster, lower power 


H1-5680, HI-5690 
HI-5680,HI-5690 
H1-5811 

H!I-5685, HI-5695 
H!-5685,HI-5695 
H!-5687,HI-5697 
H|-5687,HI-5697 
H1-546-5 
HI-549-5 
HI-516-5 
HI-518-5 
HI-518-2 
HI-547-5 
HI-548-5 


Faster, monolithic, power 

5695 is 3.33 times faster, lower power 
5697 is 3.33 times faster, lower power 
Faster, monolithic, power 

Identical 

Identical 

Identical 

Identical 

Identical 

Identical 

Identical 

Better AC 


HA-5180 
HA-5180 
HA-2600 
HA-5141,HA-5151 
HA-5127 
HA-5137,HA-5147 
HA-2542 
HA-5033 
HA-2425 
HA-2425 
HA-2420 
HA-5320 


Improved performance 
Faster, monolithic, power 
Faster, monolithic, power 
Monolithic, smaller pkg. 


HI-574A Identical 
HI-674A Identical 
HA-5320 Identical 


HA-5330 
HI-674A 
HI-574A 
HI-674A 
HI-674A 
HI-674A 


Monolithic, smaller pkg., power 
Smaller pkg., power 
Faster 


Smaller pkg., power 

Faster, smaller pkg., power 

Monolithic, power 

Monolithic, power, 5697 is 3.33 times faster 
Monolithic, smaller pkg., power 

Monolithic, smaller pkg. 


H!-5680,HI-5690 
H|-5685,HI-5695 
H1-5687,HI-5697 


HA-5320 
HA-5320 


HI-674A Lower power 
Identical, 674 is 1.67 times faster 
Smaller pkg. power 

Smaller pkg., power 

Smaller pkg., power 

Smaller pkg., power 

Faster, smaller pkg., power 


HI-574A,HI-674A 


HI-674A 
HI-674A 
HI-674A 
HI-574A 
HI-674A 


HI-574A Smaller pkg. 
HI-674A Faster, smaller pkg. 
HI-674A Smaller pkg. 
HI-574A Faster, smaller pkg. 
HI574A Smaller pkg. 


HI-674A Faster, smaller pkg. 


HA-2505 
HA-2525 
HA-2605 
HA-2625 
HA-2645 


HA-2529 


Faster, application resistors 
Identical 


HI-562A 


Competitive Cross Reference Chart (Continued) 


Harris Closest Harris 


Harris Pin-for-Pin 


Manufacturer Part Number Replacement Replacement Advantages 

DATEL (cont.) DAC71/72 HI-DAC16 Monolithic 
DAC85 HI-5685,HI-5695 Faster, monolithic, power 
DAC85C HI-5680,HI-5690 Monolithic, power, 5690 is 2 times faster 
DAC87 HI-5687,HI-5697 Faster, monolithic, power 
DACHP16B HI-DAC16 Monolithic 
DACHR16B HI-DAC16 Monolithic, smaller pkg. 
DACHZ12B H!I-5690/95/97 HI-5680/85/87 Faster, monolithic 
DACIC10B HI-5610 Faster, application resistors 
DACIC8B HI-5618 Faster, application resistors 
MV1606 HI-506 Identical 
MV808 HI-1818A Identical 
MVD409 HI-1828A Identical 2 
MVD807 HI-507 Identical 1O 
MX1 606 HI-546 identical <i 
MX1616 HI-516 identical <= 
MX808 HI-548 identical ze 
MxX818 HI-518 Identical re) 
MXD409 HI-549 identical Ou 
MXD807 HI-547 identical é 
SHM1C-1 HA-2425 Identical 
SHM1C-1M HA-2420 Identical 
SHM20 HA-5320 Identical 
SHM6M HA-5320 Monolithic, smaller pkg. 

HA-5330 Faster, monolithic, smaller pkg. 

SHMS9M HA-2420 Faster, monolithic, smaller pkg. 
SHMLM-2 HA-2420 Faster 

ELANTEC EHA2500 HA-2500 
EHA2502 HA-2502 
EHA2505 HA-2505 
EHA2510 HA-2510 
EHA2512 HA-2512 
EHA2515 HA-2515 
EHA2520 HA-2520 
EHA2522 HA-2522 
EHA2525 HA-2525 
EHA2600 HA-2600 
EHA2602 HA-2602 
EHA2605 HA-2605 
EHA2620 HA-2620 
EHA2622 HA-2622 
EHA2625 HA-2625 
ELHOOO2 HA-5002-2 Monolithic 
ELHOOO2C HA-5002-5 Monolithic 
ELHOO33 HA-5033-2 Monolithic 
ELHOO33C HA-5033-5 Monolithic 
ELHOO41 HA-2542-2 Monolithic 
ELHOO41C HA-2542-5 Monolithic 

EXAR XR4212 HA-4741 
XR3417 Lower power 
XR3418 HC-55536 or Fewer external components 
XR3517 HC-55564 Military pkg. 


XR3518 


FAIRCHILD pA0801/02 HI-5618 Faster, application resistors 
HA-5102 Better AC, lower noise 
HA-5102 Better AC, lower noise 
HA-2420 Improved performance 


HA-2425 Improved performance 


HA-2620 


HA-2720 


HA-2620 

HA-5135 Better DC 
HA-2520,HA-2529 Better AC 
HA-5135 Better DC 
HA-5170 Better AC 
HA-2600 Better AC 

FAIRCHILD HA-5102 Lower noise 

HA-2600 Better AC 


Better AC, lower noise 


Competitive Cross Reference Chart (Continued) 


Manufacturer 


HYBRID 
SYSTEM 
INTECH 


INTEL 


INTERSIL 


Harris Pin-for-Pin Harris Closest Harris 
Part Number Replacement Replacement Advantages 


ADC550 HI-574A Faster, smaller pkg., power 
ADC581 HI-574A 


HI-674A Faster 
DAC3281-16 Hi-DAC16 Monolithic, smaller pkg. 
DAC335-12 HI-5687V Faster, monolithic 
DAC346C-12 HI-5680V Faster, monolithic 
DAC347LP-12 HI-5687V Faster, monolithic 
DAC372 HI-5680 Monolithic 
DAC3721-8 HI-5618 Faster, monolithic 
DAC395-8 HI-5618 Monolithic, smaller pkg. 
HS346 HA-5320 Faster, monolithic 
HS5200 HI-674A 
HS574 HI-574A,HI-674A Digital timing, 674 is 2 times faster 
HS730 HA-5320 Monolithic, smaller pkg. 
HA-5330 Faster, monolithic, smaller pkg. 
HSDAC80 HI-5680,HI-5690 Faster, monolithic, power, 5690 is 5.56 times faster 
HSDAC87 H|-5687,HI-5697 Faster, monolithic, power 
MUX201 HI-1818A Lower power, smaller pkg. 
SH725 HA-2420 Faster, monolithic, smaller pkg. 


1048BIN-P HI-574A Smaller pkg., power 

HI-674A Faster, smaller pkg., power 
416 BIN HI-DAC16 Smaller pkg. 
A3103 HI-674A Smaller pkg., power 
A3155 HI-574A Smaller pkg., power 

HI-674A Faster, smaller pkg., power 
A880/880-2 HA-5320 Faster, monolithic, power 
A881 HA-5320 Monolithic, smaller pkg., power 
A882/884 HA-2420/25 Faster, monolithic, power 
ADC111 HI-574A Smaller pkg., power 

HI-674A Faster, smaller pkg., power 
ADC2812 HI-547A Smaller pkg., power 

HI-674A Faster, smaller pkg., power 
ASH240/250 HA-2420/25 Monolithic, smaller pkg., power 
ASH271 HA-5320 Monolithic, smaller pkg., power 
CYAAD120M HI-574A Smaller pkg., power 

HI-674A Faster, smaller pkg., power . 


D2912 
D2912A 


HC-5512 
HC-5512 
HC-5512A/12D 
HBO-986CO5 


Lower power, lower noise 
Lower power, lower noise 
Lower power, lower noise 
CMOS micro components. Lower 

power 16K static RAM w/full mercury back-up 


SBC 86/05 
NMOS 


DG200 Dielectric Isolation 
DG201 Dielectric Isolation 
ICL7541 Identical 

1CL7611 HA-5141 Lower noise 

ICL7615 HA-5141 Better AC, lower noise 
ICL7621 HA-5142 Better AC, lower noise 
ICL7642 HA-5144 Better AC, lower noise 
ICL8017 HA-2520,HA-2529 

ICL8021 HA-5141 Better AC 

ICL8075 

1ICL8211 

1H201 More stable over temp. 
1H5040 More stable over temp. 
1H5041 More stable over temp. 
IH5042 More stable over temp. 
1H5043 More stable over temp. 
1H5044 More stable over temp. 
1H5045 More stable over temp. 
1H5046 More stable over temp. 
1H5047 More stable over temp. 
IH5048 More stable over temp. 
IH5049 More stable over temp. 
IH5050 More stable over temp. 
IH5051 More stable over temp. 
1H5108 Signal range, same pinout 
1H5110/11 HA-2420/25 

1H5112/13 HA-2420/25 

1H5114/15 HA-2420/25 

1IH5200 Constant Ron 

1H5201 Constant Ron 

1H5208 Vin range, same pinout 
1H6108 Ron, Dl, same pinout 


Competitive Cross Reference Chart (Continued) 


Harris Pin-for-Pin Harris Closest Harris 
Part Number Replacement Replacement Advantages 


INTERSIL 1H6116 Ron, Di, same pinout 
(cont.) 1IH6208 Ron, Di, same pinout 
1H6216 Ron, Di, same pinout 


LM4250 HA-2720 Better AC, lower noise 
INTRONICS A-560 HA-2525,HA-2529 
A-561 HA-2625 
MAXIM MAX400M HA-5127-2 
MAX400C HA-5127-5 
MAX460M HA-5033-2 Lower noise, Di 
MAX460C HA-5033-5 Lower noise, DI oa 
BB3553 HA-5033 Monolithic, DI ree) 
BB3554 HA-2542 Monolithic, DI <P 
LHOO33 HA-5033 Monolithic cc 
OPO7 HA-5130 Better AC - DI Pa 
DG201A HI-201 Dielectric Isolation Wo 
DG211 HI-201 Full Temperature Range Specified Ou 
DG300A HI-300 Dielectric Isolation < 
DG301A HI-301 Dielectric Isolation 
DG302A HI-302 Dielectric Isolation 
DG303A HI-303 Dielectric Isolation 
DG304A HI-304 Dielectric Isolation 
DG305A HI-305 Dielectric Isolation 
DG306A HI-306 Dielectric Isolation 
DG307A HI-307 Dielectric Isolation 
DG381A HI-381 Dielectric Isolation 
DG384A HI-384 Dielectric Isolation 
DG387A HI-387 Dielectric Isolation 
DG330 HI-390 Dielectric Isolation 
1H5040 HI-5040 Dielectric Isolation 
1H5041 HI-5041 Dielectric Isolation 
1H5042 HI-5042 Dielectric Isolation 
1H5043 HI-5043 Dielectric Isolation 
1H5044 HI-5044 Dielectric Isolation 
1H5045 HI-5045 Dielectric Isolation 
1H5046 HI-5046 Dielectric Isolation 
1H5047 HI-5047 Dielectric Isolation 
1H5048 HI-5048 Dielectric Isolation 
1H5049 HI-5049 Dielectric Isolation 
1H5050 HI-5050 Dielectric Isolation 
1H5051 HI-5051 Dielectric Isolation 
MICRO ADC80 HI-574A Smaller pkg., power 
NETWORKS HI-674A Faster, smaller pkg., power 
DAC80 H1I-5680, HI-5690 Monolithic, power, 5690 is 5.56 times faster 
DAC85 HI-5685,HI-5695 Monolithic, power, 5695 is 5.56 times faster 
DAC87 Hi-5687,HI-5697 Monolithic, power, 5697 is 5.56 times faster 
MN-ADC84/85/87 HI-674A Smaller pkg., power 
MN3009 HI-5618 Monolithic 
MN3014 HI-5618 Monolithic 
MN3348 HI-5680V/87V Faster, monolithic, power 
MN3349 HI-5685V/87V Faster, monolithic 
MN343/344 HA-2420 Faster, monolithic 
MN346/347 HA-5320 Faster, monolithic 
MN370/371 HI-5687V Monolithic 
MN373 HA-5320 
MN375 HA-5330 Monolithic, lower power 
MN5200 HI-574A Faster 
MN5210 HI-674A Two chip design 
MN565A HI-565A 
MN574A HI-574A,HI-674A 674A is 2.3 times faster 
MICRO POWER MP200DI HI-200 Constant Ron 
SYSTEMS MP201 Di HI-201 Constant Ron 
MP5527 HA-5127 
MP5537 HA-5137 
MP562 HI-562A Faster 
MP574 HI-574A,HI-674A Digital timing, 674A is 2 times faster 
MP7501 HI-508 
MP7503 HI-1818A 
MP7502 HI-1828A 
MP7506 HI-506 DI processing 
MP7507 HI-507 DI processing 
MP7508DIi HI-508 
MP7509DIi HI-509 


Competitive Cross Reference Chart (Continued) 


MITEL MT8912 HC-5512 re eee 
MOSTEK MK5912 HC-5512 ia 


MOTOROLA 


NATIONAL 
SEMICONDUCTOR 


Harris Closest 
Replacement 


Harris Pin-for- Pin 
Replacement 


LF155 
LFI55A 
LF156 
LFI56A 
EP1S7 
LFI57A 
LF355 
LF355A 
LF356 
LF356A 
LF357 
LF357A 
MC1408 
MC1430 
MC1431 
MC1436 
MC1458 
MC1508 
MC1558 
MC1748 
MC1776 
MC34002 
MC34004 
MC3403 
AD562A 
MC3412 
MC3417 
MC3418 
MC3517 
MC3518 
MC3419 


MC35002 
MC35004 
MC4741 


ADC1080/1280 


ADC1210/11 


BLC 86/05 HBO-986CO5 

DACO800/0102 H1I-5618 
DACO806/07/08 H|I-5618 

DAC1 200/01 HI-5685V/87V 
DAC1 265 HI-565A 

DAC1 266 HI-5660 

DAC1280 H!-5680, HI-5690 


DAC1285 HI-5685/87 
HI-5695/97 

LFO023/43 HA-2420 
LFOO53 HA-2420/25 

HA-5320 
LF11201 HI-201 
LF11508 H|I-508-2 
LF11509 HI-509-2 
LF13201 H1-201 
LF13508 HI-508-5 
LF13509 HI-509-5 
LF147 HA-5104 
LF151 HA-5170 
LF153 HA-5102 
LETS HA-5170 
LFI55A HA-5170 
LF156 HA-5170 
LF156A HA-5170 
LF157 HA-5170 
LFI57A HA-5160 
LF198 HA-2420 
LF247 


LF253 


HA-4741 


HA-5170 
HA-5170 
HA-5170 
HA-5170 
HA-5160 
HA-5160 
HA-5170 
HA-5170 
HA-5170 
HA-5170 
HA-5160 
HA-5160 
HI-5618-5 
HA-2600 
HA-2600 
HA-2640 
HA-5102 
HI-5618-2 
HA-5102 
HA-2600 
HA-5141 
HA-5102 
HA-5104 
HA-4741 


HC-55564 or 
HC-55536 


HC-5502A 


HC-5504 


HA-5102 
HA-5104 


HI-574A 
HI-674A 
HI-574A 


Harris 
Advantages 


Lower noise, lower cross talk 
Lower noise and power 


Better DC 

Better DC 

Better DC 

Better DC 

Better DC 

Better DC 

Better DC 

Better DC 

Better DC 

Better DC 

Better DC 

Better DC 

Faster, application resistors 
Better AC 

Better AC 

Better AC and DC 
Better AC, lower noise 
Faster, application resistors 
Better AC, lower noise 
Better AC and DC 
Better AC, lower noise 
Better AC 

Better AC 

Better AC 


Lower power, few external components, military pkg. 


Better longitudinal balance, transhybrid loss. 
Fewer external components 

Better longitudinal balance, transhybrid loss 
Fewer external components 

Better AC 

Better AC 

Better AC 


Smaller pkg., lower power 

Faster, smaller pkg. power 

Faster, complete A/D 

CMOS micro components, lower power 16K static ram 
w/full mercury back-up 

Faster, application resistors 

Faster, application resistors 

Faster, lower power 


Monolithic, performance, 5690 is 4.44 times faster 
Monolithic, performance, 5695/97 is 4.44 times faster 


Monolithic, performance 
Monolithic 
Faster, monolithic 


Faster, Ron, power 
Faster, Ron, power 
CMOS Dielectric Isolation 
Faster, Ron, power 
Faster, Ron, power 


Better DC 
Better DC 
Better DC 
Better DC 
Better DC 
Better DC 
Improved performance 


Competitive Cross Reference Chart (Continued) 


NATIONAL 
SEMICONDUCTOR 
(cont.) 


PRECISION 
MONOLITHICS 


LF347 
LF353 
LF355 
LF355A 
LF356 
LF356A 
LF357 
LF357A 
LF398 
LF412 
LF412A 
LF441 
LF442 
LF444 
LHOOO2 
LHOOO3 
LHOOO4 
LHOOOS 
LHOO22 
LHOO32 
LHOO33 
LHOO42 
LHOO52 
LHOO62 
LM108 
LM108A 
LM118 
LM124 
LM143 
LM144 
LM146 
LM148 
LM208 
LM208A 
LM308 
LM308A 
LM308A 
LM318 
LM324 
LM343 
LM344 
LM348 
LM4250 
TP3040 
TP3040A 


DAC-08 
DAC-1408 
DAC-1508 
DAC-312 
DMX-88 
GAPO1 
MUX-08 
MUX-16 
MUX-24 
MUX-28 
MUX-88 
OPO1 
OPO5 
OP11 
OP20 
OP220 


Harris Pin-for-Pin 


Replacement 


HC-5512 
HC-5512A 
HC-5512D 


Harris Closest Harris 
Replacement Advantages 


HA-5170 
HA-5170 
HA-5170 
HA-5170 
HA-5160 
HA-5160 
HA-2425 
HA-5102 
HA-5102 
HA-5141 

HA-5142 
HA-5144 
HA-5002 


HA-2640 
HA-2620 
HA-5180 
HA-2542 
HA-5033 
HA-5180 
HA-5180 
HA-5160 
HA-5135 
HA-5135 
HA-2510 
HA-4741 

HA-2640 
HA-2640 
HA-2740 
HA-4741 

HA-5135 
HA-5135 
HA-5135 
HA-5135 
HA-5135 
HA-2510 
HA-4741 

HA-2640 
HA-2640 
HA-4741 
HA-5141 


HA-5180 
HA-5170 
HA-5160 
HA-5170 
HA-5160 
HA-5160 
HA-5160 
HA-5170 
HA-5177 
HA-5102 
HA-5134 
HA-5104 


HI-5618 


HI-562A 
HA-2400 


HA-2500 
HA-5135 
HA-4741 
HA-5141 
HA-5142 


HA-2520,HA-2529 


HI-5618-5 
HI-5618-2 


Better DC 
Better DC 
Better DC 
Better DC 
Better DC 
Better DC 
Improved performance 


Lower noise 


Monolithic, better AC and DC 
Monolithic 

Monolithic 

Monolithic 

Monolithic, better AC and DC 
Monolithic 

Monolithic, better DC 
Monolithic, better AC and DC 
Monolithic, better AC 
Monolithic, better AC 

Better DC and AC 

Better DC and AC 

Unity gain stable 

Better AC 

Higher supply voltage 


Better AC 

Better AC 

Better DC and AC 
Better DC and AC 
Better DC and AC 
Better DC and AC 
Better DC and AC 
Unity gain stable 
Better AC 

Higher supply voltage 


Better AC 
Lower noise 
Identical 
Identical 
Military spec 


Faster, application resistors 
Faster, application resistors 
Faster, application resistors 

Int. linearity, application resistors 
VIN range, lower power 

4 channels 

IN range, lower power 

VIN range, lower power 

VIN range, lower power 

VIN range, lower power 

VIN range, lower power 

Better AC 

Better AC and DC 


Better AC 
Better AC 


GENERAL 
INFORMATION 


Competitive Cross Reference Chart (Continued) 


Harris Pin-for-Pin Harris Closest Harris 
Manufacturer Part Number Replacement Replacement Advantages 


PRECISION OP27 HA-5127 


MONOLITHICS OP37 HA-5137,HA-5147 | HA-5147 Superior performance 
(cont.) OP420 HA-5144 Better AC 
PM-562 Faster 


SMP-10/11 Lower power 

Faster, improved accuracy 
Lower power 

Faster, improved accuracy 
Better AC, lower noise 


Better AC, lower noise 


HA-5320 
SMP-81 HA-2420/25 
$SS1458 
SS1558 


HA-5102 


HA-5170 
HA-5170 
HA-5170 
HA-5170 
HA-5160 
HA-5160 
HA-5170 
HA-5170 
HA-5170 
HA-5170 
HA-5160 
HA-5160 
HA-5135 
HA-5135 
HA-2510 
HA-4741,HA-5154 
HA-4741,HA-5154 
HA-5135 

HA-5135 

HA-5135 

HA-5135 

HA-2515 

HA-4741,HA-5154 
HA-4741,HA-5154 
HA-2605 
HA-2605 
HA-4741 
HA-2505 


RAYTHEON Better DC 
Better DC 
Better DC 
Better DC 
Better DC 
Better DC 
Better DC 
Better DC 
Better DC 
Better DC 
Better DC 
Better DC 
Better AC and DC 
Better AC and DC 
Unity gain stable 
Better AC 
Better AC 
Better AC and DC 
Better AC and DC 
Better AC and DC 
Better AC and DC 
Unity gain stable 
Better AC 
Better AC 
Better AC and DC 
Better AC 


Dielectric Isolation 


HA-4741 Better AC 
Better AC and DC 
Better AC 
HA-4741,HA-5154 
HA-4741,HA-5154 
HA-2500 Dielectric Isolation, Better AC 
HA-4741 Better AC 


HA-2620 
HA-5141 


Better AC and DC 


SIGNETICS 


AM6012 Int. linearity, application resistors 
Int. linearity, application resistors 
Faster, application resistors 


Improved performance 


DACO8 
LF198 


LF398 Improved performance 
MC1408 HI-5618-5 Faster, application resistors 
MC1508 HI-5618-2 Faster, application resistors 
NE531 

NE5532 Lower noise 

NE5533 Lower noise 

NE5534 


NE5537 Lower power 
Faster 


Better AC 


NE5539 


SE531 

SE5532 Lower noise 
S$E5533 Lower noise 
SE5534 

SE5539 Better AC 


SILICON- SG741 HA-2500 
GENERAL 
ES Sia HI-381 Dielectric Isolation 


Competitive Cross Reference Chart (Continued) 


SILICONIX DG182 
(cont.) DG184 
DG185 
DG187 
DG188 
DG190 
DG191 
DG200A 
DG201A 
DG211 
DG271 
DG300A 
DG301A 
DG302A 
DG303A 
DG304A 
DG305A 
DG306A 
DG307A 
DG381A 
DG384A 
DG387A 
DG390A 
DG5040 
DG5041 
DG5042 
DG5043 
DG5044 
DG5045 
DG506A 
DG506AA 
DG507A 
DG507AA 
DG508A 
DG508AA 
DG509A 
DG509AA 
$D5200 


SOLITRON 


CM4016A 
UC4000 
UC4002 


SPRAGUE ULN2139 
ULN2151 
ULN2156 
ULN2157 
ULN2158 
ULN2171 
ULN2172 
ULN2173 
ULN2174 
ULN2175 
ULN2176 


TELEDYNE 
PHILBRICK 


1321 
1322 
1332 
1339 
1341 
1342 
1343 
1344 
1345 
1346 
1347 
1437 
1438 
1460 
1466 
4058 
4058-83 
4068A 
4084 
4088 


Harris Pin-for-Pin 
Replacement 


H1-200 
HI-201 


H|-300 
H1-301 
HI-302 
HI-303 
HI-304 
HI-305 
HI-306 
H|-307 
HI-381 
HI-384 
HI-387 
HI-390 
H!-5040 
HI-5041 
HI-5042 
H1-5043 
H|-5044 
HI-5045 
HI-506 
H1I-506-2 
HI-507 
HI-507-2 
HI-508 
HI-508-2 
HI-509 
HI-509-2 


HA-2620 
HA-2620 
HA-2645 


HA-2540 
HA-2539 
HA-5190 
HA-5160 
HA-5162 
HA-5180 
HA-5180A 


HI-562A 
HI-5618 
HI-DAC16 


Harris Closest Harris 
Replacement Advantages 


HI-381 Dielectric Isolation 
HI-384 Dielectric Isolation 
HI-384 Dielectric Isolation 
HI-387 Dielectric Isolation 
HI-387 Dielectric Isolation 
HI-390 Dielectric Isolation 
HI-390 Dielectric Isolation 


Dielectric Isolation 
Dielectric Isolation 

Full temp range specified 
Faster 

Dielectric Isolation 
Dielectric Isolation 
Dielectric Isolation 
Dielectric Isolation 
Dielectric Isolation 
Dielectric Isolation 
Dielectric Isolation 
Dielectric Isolation 
Dielectric Isolation 
Dielectric Isolation 
Dielectric Isolation 
Dielectric Isolation 
Dielectric Isolation 
Dielectric Isolation 
Dielectric Isolation 
Dielectric Isolation 
Dielectric Isolation 
Dielectric Isolation 

Lower power, DI processing 
Lower power, Di processing 
Lower power, DI processing 
Lower power, DI processing 
Lower power, DI processing 
Lower power, DI processing 
Lower power, DI processing 
Lower power, DI processing 
Dielectric Isolation 


HI-201 
HI-201HS 


HI-201HS 


Better AC and DC 


HA-2600 
HA-2600 
HA-2600 
HA-2650 
HA-2650 
HA-2600 
HA-2620 
HA-2600 
HA-2620 
HA-2600 
HA-2600 


Identical 
Identical 
Identical 


HA-2625 
Identical 
Identical 
Identical 
Identical 
Identical 
Identical 
Identical 
HA-2541 Monolithic 
HA-2541 Monolithic 
HA-2542 Monolithic 
HA-2542 Monolithic 
HI-5680 Monolithic 
HI-5687 Monolithic 
Identical 
Identical 


identical 


J 
< 
cc 
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INFORMATION 


Competitive Cross Reference Chart (Continued) 


Harris Pin-for-Pin Harris Closest 
Manufacturer Part Number Replacement Replacement 


Harris 
Advantages 


TELEDYNE 4189 
PHILBRICK 4551 HI-547 Identical 
(cont.) 4552 HI-546 Identical 
4553 HI-549 Identical 
4554 HI-548 Identical 
4853 HA-5320 Monolithic, smaller pkg. 
4854 HA-2420 Faster, monolithic, smaller pkg. 
4856 HA-2420/25 Identical 
4857 HA-5320 Monolithic, smaller pkg., power 
4866 HA-5320 Identical 
DAC801/V HI-56801/V Identical 
TP5210 HI-674A 
TP565A HI-565A Identical 
TP574A HI-574A,HI-674A Identical, 674A is 1.67 times faster 


TPADC85/87 


TEXAS MC1458 HA-5102 Lower noise 


INSTRUMENTS MC1558 HA-5102 Lower noise 
TCM2912A HC-5512 Lower noise, lower cross talk, lower power 
TCM4212+ HC-5502A or Fewer external components 
TCM4201+ HC-5504 
TCM4208=> 
3 chip set 
TLO22 HA-5142 Better DC 
TLO44 HA-5144 Better DC 
TLO61 HA-5141,HA-5151 | Better DC, lower noise 
TLO62 HA-5142,HA-5152 | MIL range available 
TLO64 HA-5144,HA-5154 | MIL range available 
TLO72 | HA-5102 MIL range available 
TLO74 HA-5104 MIL range available 
TLO82 HA-5102 MIL range available 
TLO84 HA-5104 MIL range available 


TRANSITRON TOA7709 


TOA8709 


HA-2600 
HA-2605 
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Harris Military Grade Levels 


Mil-Std-883 describes several levels or “grades” of 
screening for microcircuits. Although basic circuit 
design and manufacturing process technology may be 
identical, differences in testing, documentation, and 


product assurance criteria are designed to guarantee 
the needed reliability levels for a _ particular 
application. Harris offers two basic levels of standard 
products. 


MILITARY GRADE APPLICATION 


Spacecraft and other “Hi-Rel” systems which require long term reliability in a 
harsh environment. Applications are frequently life-critical and component 
replacement is costly or impossible. Harris class S or equivalent product is used 
in military, commercial, and scientific satellite systems as well as medical 
implantible and nuclear powerplant applications. 


Military Systems for harsh applications requiring performance over an extended 
temperature range. Harris class B and equivalent product is used in aerospace, 
strategic, tactical, and secure communications systems as well as low priority 
space and commercial aircraft applications. 


Military Grade Product Offerings 


Harris military grade product is offered in the following 
levels. For detailed process flows and specific quality 
and reliability information, refer to section 9. 


e JAN - JOINT ARMY NAVY 
(Indicated by DESC Issued “Slash Sheet” Number) 


Fully compliant to Mil-Std-883. Changes must be 
approved by DESC who also maintains a continuing 
audit of manufacturing compliance. (class S and 
class B). 

e SMD - STANDARD MILITARY DRAWING 
(Indicated by DESC Part Number) 


Fully compliant to Mil-Std-883. Changes must be 
approved by DESC (currently applies to class B only). 


e HARRIS CLASS B COMPLIANT 
(Indicated by /883 Suffix on Harris Part Number) 


Fully compliant to Mil-Std-883. 


e HARRIS CLASS B “EQUIVALENT” 
(Indicated by -8 Suffix on Harris Part Number) 


Exceptions to Mil-Std-883 per individual data sheet. 


e HARRIS CLASS S “EQUIVALENT” 
(Indicated by -Q Suffix on Harris Part Number) 


Exceptions to Mil-Std-883 per individual data sheet. 


Non-Standard Product Offerings 


Harris understands the need for customer generated 
Source Control Drawings with non-standard 
parameter and/or screening requirements. A 
Customer Engineering Department is responsibile for 
efficiently expediting your SCDs through a 
comprehensive review process. The Customer 
Engineering Group compares your SCD to its closest 
equivalent grade device type and works closely with 
the Product Engineer, Manufacturing Engineer, 
Design Engineer, or applicable individual to compare 
Harris’ screening ability against your non-standard 
requirement(s). For product processed _ to 
non-standard requirements, a unique part number 
suffix is assigned. 


Harris shares the military’s objective to utilize 
standards wherever possible. We recommend using 
our /883 data sheet as the guideline for your SCD’s. 
In instances where an available military specification 
or Harris /883 datasheet is inappropriate, it is Harris’ 
sincerest wish to work closely with the buyer in 
establishing an acceptable procurement document. 
For this reason, the customer is requested to contact 
the nearest Harris Sales Office or Representative 
before finalizing the Source Control Drawing. Harris 
looks forward to working with the customer prior to 
implementation of the formal drawing so that both 
parties may create a mutually acceptable 
procurement document. 


MILITARY 
PROGRAMS 


Harris/883/JAN/DESC Part Number Listing 


ANALOG PRODUCTS 


JAN JAN DESC DESC 
MIL-STD-883 Tt DRAWING # STATUS DRAWING STATUS 


PART # 


MARKETING 
OPERATIONAL AMPLIFIERS 


HA-2400 5962-87783 Pending 
HA-2500 12204BGC Approved N/A 
HA-2502 N/A 
HA-2510 12205BGC Approved N/A 
HA-2512 N/A 
HA-2520 12206BGC Approved N/A 
HA-2522 N/A 
HA-2529 Preparing JAN TBD 
HA-2539 5962-87787 Pending 
HA-2540 Preparing SMD Pending 
HA-2541 5962-87785 Pending 
HA-2542 Preparing SMD Pending 
HA-2544 5962-89502 Pending 
HA-2600 12202BGC Approved N/A 
HA-2602 N/A 
HA-2620 12203BGC Approved N/A 
HA-2622 N/A 
HA-2640 7800302 Approved 
HA-4741 Preparing SMD Pending 
HA-5101 Preparing SMD Pending 
HA-5102 Preparing SMD Pending 
HA-5104 5962-88502 Pending 
HA-5111 Preparing SMD Pending 
HA-5112 Preparing SMD Pending 
HA-5114 Preparing SMD Pending 
HA-5127 Preparing SMD Pending 
HA-5134 » Preparing SMD Pending 
HA-5135 Preparing SMD Pending 
HA-5137 Preparing SMD Pending 
HA-5141 Preparing SMD Pending 
HA-5142 Preparing SMD Pending 
HA-5144 Preparing SMD Pending 
HA-5147 Preparing SMD Pending 
HA-5151 Preparing SMD Pending 
HA-5152 Preparing SMD Pending 
HA-5154 Preparing SMD Pending 
HA-5160 N/A 
HA-5162 N/A 
HA-5170 N/A 
HA-5177 Preparing SMD Pending 
HA-5180 N/A 


HA-5190 
COMPARATOR 


t -8 is available in support of programs with part requirements dated prior to Dec. 31, 1984 in accordance with paragraph 1.2. of MIL-STD-883 or where 883 is 
not currently available. 


5962-87784 Pending 


Harris/883/JAN/DESC Part Number Listing 


ANALOG PRODUCTS (CONTINUED) 


MARKETING 
PART # 


HI-200 

HI-201 12302BEA Approved N/A 
HI-201HS 5962-8671601EA Approved 
HI-222 Preparing SMD Pending 


MILITARY 
PROGRAMS 


HI-300 
HI-301 
HI-302 
HI-303 
HI-304 
HI-305 
HI-306 
HI-307 
HI-381 
HI-384 
HI-387 
HI-390 
HI-5040 
HI-5041 
HI-5042 
HI-5043 
HI-5044 
HI-5045 
HI-5046 
HI-5046A 
HI-5047 
HI-5047A 
HI-5048 
HI-5049 
HI-5050 
HI-5051 


t -8 is available in support of programs with part requirements dated prior to Dec. 31, 1984 in accordance with paragraph 1.2. of MIL-STD-883 or where 883 


is not currently available. 


2s 


8100609EA 
8100610EA 
8100611EA 
8100612EA 
8100613EA 
8100614EA 
8100615EA 
8100617EA 
8100616EA 
8100618EA 
8100619EA 
8100620EA 
8100621EA 
8100622EA 


N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
Approved 
Approved 
Approved 
Approved 
Approved 
Approved 
Approved 
Approved 
Approved 
Approved 
Approved 
Approved 
Approved 
Approved 


Harris/883/JAN/DESC Part Number Listing 


ANALOG PRODUCTS (CONTINUED) 


JAN JAN DESC DESC 
MIL-STD-883 T DRAWING # STATUS DRAWING STATUS 


N/A 


MARKETING 
PART # 


HI-1818A Yes 


HI-1828A Yes N/A 
HI-506 Yes 19001B Pending N/A 
HI-506A See HI-546 19002B Pending N/A 
HI-507 Yes 19003B Pending N/A 
HI-507A See HI-547 19004B Pending N/A 
Hi-508 Yes 19007B Pending 7705201 Approved 
HI-508A See HI-548 19005B Pending 7705202 Approved 
HI-509 Yes 19008B Pending N/A 
HI-509A See HI-549 19006B Pending N/A 
HI-516 Yes N/A 
HI-518 Yes N/A 
HI-524 Yes N/A 
HI-546 Yes 5962-8513101 Pending 
HI-547 Yes 5962-8513102 Pending 
HI-548 Yes 7705202 Pending 


HI-549 Yes 5962-8513103 


DIGITAL TO ANALOG CONVERTERS 


HI-562A 
HI-S65ATD 
HI-565ASD 
HI-5687V 
HI-5697V 


ANALOG TO DIGITAL CONVERTERS 
HI-574ATD 


Pending 


5962-8512704 In Process 


HI-574ATE 5962-8512703 In Process 
HI-574ASD N/A 
HI-574ASE N/A 
HI-674ATD 5962-88615 In Process 
HI-674ATE N/A 
HI-674ASD N/A 
HI-674ASE N/A 
HI-774S N/A 
HI-774T N/A 
HI-774A N/A 


t -8 is available in support of programs with part requirements dated prior to Dec. 31, 1984 in accordance with paragraph 1.2. of MIL-STD-883 or where 883 
is not currently available. 
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Military Product Program Controls 


883 
REQUIREMENT | REFERENCE DESC/SMD /883 foam gaa 


Product Per Harris R&QA 
Assurance Plan Manual 


ik ae 1.2.1.B.28 RADC/DESC | Harris QC Harris QC Harris QC 
Certification 

Rroaact 1.2.1.B.26 RADC/DESC | RADC/DESC | HarrisQA Not Required 
Certification 


12:34:82 Per Appendix A of MIL M38510 


Change MIL M38510 Harris Internal 
ease ceed para 3.4.2 sas aa me stipe ECN Controls 


SYSTEM CONTROLS 


er 
er 

Traceability 12.1. Beer Wafer Lot 6 Week Seal 6 Week Seal 6 Week Seal 
Deviations to 1.21 Per DESC Per 

883 and Slash Sheet DWG/SMD Harris Spec 

} ; May Be 
Compliant Compliant Compliant Nonccomorent 
Assembly PS carne USA Only USA/Malaysia | USA/Malaysia 


Change Data Sheet 
Notification bigebP-es Dee baoM Registration Galalog 


phgscaaed 1.2.1.B.2-12 


Construction 


Quality 
Conformance 


LOCATIONS 


USA Only 


© 
= 


t -8 is available in support of programs with part requirements dated prior to Dec. 31, 1984 in accordance with paragraph 1.2. of MIL-STD-883 or where 883 
is not currently available. 


MILITARY 
PROGRAMS 


Harris Product Specification Highlights 


Harris Semiconductor is a leading supplier of high 
reliability integrated circuits to the military and 
aerospace community and takes pride in offering 
products tailored to your most demanding applications 
requirements. Our facility is JAN-Certified to 
MIL-M-38510 and provides JAN-qualified and 
MIL-STD-883 products as standard data book items. 
This Analog Military Product Data Book contains 
detailed technical information on _high-reliability 
integrated circuits presently available from Harris 
Semiconductor. 


The intent of the /883 data sheet is to provide to our 
customers a clear understanding of the testing being 
performed in conformance with MIL-STD-883 
requirements. Additionally, it is our intent to provide 
the most effective and comprehensive testing 
economically feasible. 


This data book is organized by sections, similiar to the 
1988 Harris Analog Industrial/Commercial Products 
Data Book. The darkened tab index distinguishes the 
major selections and provides a visual guide to the 
reader. Each section covers specific product line 
families, such as Operational Amplifiers, Comparators, 
Switches, Multiplexers, Data Conversion Products, S/H 
Amplifiers, and ASICs. Special attention should be 
given to Section 9 which emphasizes Harris 
committment to ongoing Quality and Reliability 
improvements used in all levels of production, test and 
documentation. Section 10 includes the Application 
Notes for devices that are MIL-STD-883 certified. 


Document Control 


Internally at Harris, each /883 data sheet has been 
established as a controlled document. Any revision or 
modification is signed-off throughout the manufactur- 
ing and engineering sections. Harris has made every 
effort to ensure accuracy of the information in this data 
book through quality control methods. Harris reserves 
the right to make changes to the products contained in 
this data book to improve performance, reliability and 
producibility. Each data sheet will use the printed date 
as the control revision means to the user. Harris has 
also established a Data Sheet Registration Program to 
inform the user of the most recent data sheet printing. 
Registration is done through the sign-up card attached 
to the back of this data book. Otherwise, contact Harris 
for the latest available specifications and performance 
data. 


4883 Data Sheet Highlights 


Each specific /883 data sheet documents the features, 
description, pinouts, tested electrical parameters, test 
circuits, burn-in circuits, die characteristics, packaging 


and design information. The following are notes and 
Clarifications that will help in applying the information 
provided in the data sheet. 


Packaging/Pinout 


In addition to the packages offered for military 
products, Harris offers a complete line of package 
options for commercial and industrial applications. See 
our Analog Industrial/Commercial data book for more 
information. Harris utilizes MIL-M-38510, Appendix C 
for packages used for /883 product. The mechanical 
dimensions and material used are shown for each 
product to complete each data sheet as a 
self-contained document. 


Thermal Information 


Each /883 data sheet provides thermal information 
relating to both package and die. This information is 
intended for use in system designs to prevent 
exceeding maximum allowable temperature ratings. 


D.C. and A.C. Electrical Parameters 


Table 1 and 2 define the D.C. and A.C. Electrical 
Parameters that are 100% tested in production to 
guarantee compliance to MIL-STD-883. Subgroups 
used are defined in MIL-STD-883, Method 5005 and 
designated under the provisions of Paragraph 1.2.1a. 
Test Conditions and Test Circuits are provided for 
specific parameter testing. 


Table 3 provides additional device limits that are 
guaranteed by characterization of the device and are 
not directly tested in production. Certain parameters 
such as noise voltage density and _ video 
characteristics have a sample plan used during 
production. Characterization data is on file and 
available demonstrating the test limits established. 


Table 4 provides a summary of test requirements and 
applicable subgroups. 


Burn-in Circuits 


Burn-in circuits defined are those used in the actual 
production process. Burn-in is conducted per 
MIL-STD-883, Method 1015. 


Design Information Sections 


Harris provides an additional Design Information 
Section in each data sheet to assist in system 
application and design. The information may be 
provided under a ‘Design Limit’ column or in the form of 
performance curves under variable conditions. While 
this information cannot be guaranteed, it is based on 
actual characterization of the product and is 
representative of the data sheet device. 
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Programs Served By Harris 


Tube-Launched, Optically Tracked, Wire-Guided Missile 
Angle Rate Bombing Set 

Advanced Medium Range Air-To-Air Missile 
Advanced Capability (MK-48 Torpedo) 
Position Location and Reporting System 
Joint Tactical Information Distribution System 
Target Acquisition System (MK-23) 
Miniature Vehicle Sensors 

Driver’s Thermal Viewer 

Detecting and Ranging Set 

Fighting Vehicle System (Bradley) 
Helicopter (or Hughes) Night Vision System 
Advanced Optic Adjunct 

Advanced Light Weight Torpedo 

Ground Launched Cruise Missile 

Air Launched Cruise Missile 

Medium Range Air-To-Surface Missile 
Modular Universal Laser Equipment 

Low Altitude Navigation and Targeting Infrared 
Anti-Submarine Warfare 

Multiple Launch Rocket System 

Advanced Self Protection Jammer 

Global Positioning System 

Distant Early Warning 

High Speed Anti-Radar Missile 

Rolling Airframe Missile 

Medium Depth Mine 

Terminal Guidance Small Missile 

Time Division Multiple Access 

Distributed Time Division Multiple Access 
Long Range Search and Track 

Glide Bomb Unit 

Divisional Air Defense 


Field Support Tracked Vehicle 
Integrated Solar Sensor Assembly 
Continuous Motion Gyro for ISSA 
Advanced Warning and Control System 
Forward Looking Infrared 

Ring Laser Gyro Programs 

Tail Warning System 

Space Telescope 

Mariner Series 

MK 46 NEARTIP 

AV8B HARRIER 

F14/A6E SMS 

Bearclaw 

CAINS I 

TAI/MK6 

B1 

F-16 

Phalanx 


MILITARY 
PROGRAMS 


Stinger 
Locust 
Sidearm 
Rattler 
Pavetack 
Viking 
Skylab 
Shuttle 
Intelsat 
Spacelab 
Voyager 
Mark 50 
Captor 
Maverick 
Phoenix 
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Operational Amplifiers 


& Comparators 


OPERATIONAL AMPLIFIER & COMPARATOR DATA SHEETS PAGE 
HA-2400/883 PRAM Four Channel Operational Amplifier .......... 0c cece eee eee erences 3-3 

HA-2500/883 Precision High Slew Rate Operational Amplifier... ...... 0. ccc cece eee ee ee eens 3-14 

HA-2502/883 Precision High Slew Rate Operational Amplifier ......... 0.0 cce cece eee eeeeee 3-14 

HA-2510/883 High Slew Rate Operational Amplifier ..........ccccccccccccccccccccceececes 3-26 

HA-2512/883 High Slew Rate Operational Amplifier ........... ccc ccccccncccreccccvcscnes 3-26 

HA-2520/883 Uncompensated, High Slew Rate Operational Amplifier ....... 0... cece eee eees 3-38 ie ® 
HA-2522/883 Uncompensated, High Slew Rate Operational Amplifier ......... 0.0 cece eee eens 3-38 g = 
HA-2529/883 Uncompensated, High Slew Rate High Output Current, Operational Amplifier .... 3-50 z & 
HA-2539/883 Very High Slew Rate Wideband Operational Amplifier..... 0.0... ee cece eee eaes 3-63 a, = 
HA-2540/883 Wideband, Fast Settling Operational Amplifier ............ ccc cece ee ee eee eens 3-75 8 
HA-2541/883 Wideband, Fast Settling, Unity Gain Stable, Operational Amplifier............... 3-87 

HA-2542/883 Wideband, High Slew Rate, High Output Current, Operational Amplifier ......... 3-99 

HA-2544/883 Vides Oneraonal AIMDUNOE 6a oc cb hoes scat ese cee tee tees es vb esewe aire eh 3-112 

HA-2600/883 Wideband, High Impedance Operational Amplifier ......... 0... cece cece eres 3-126 
HA-2602/883 Wideband, High Impedance Operational Amplifier ......... 00. cece cece eens 3-126 
HA-2620/883 Very Wideband, High Impedance Uncompensated Operational Amplifier ........ 3-138 
HA-2622/883 Very Wideband, High Impedance Uncompensated Operational Amplifier ........ 3-138 
HA-2640/883 High Voltage.Operational Amplifier... ...... ccc veccccnvecerccsccnsscneseees 3-150 

HA-4741/883 CR I OGRON RAIN ONO se iti 5i wed ks co pawn de RTCA eed eR eeee eee eee ORs 3-162 
HA-4902/883 oe ROE: OR ee i «| dane ee ae ei i irr ere 3-174 
HA-5002/883 Monolithic, Wideband, High Slew Rate, High Output Current Buffer............. 3-185 
HA-5033/883 NE IT ore 50 Os aes a SR ee eed RK 6 4 WO ned 86 6 ON OR Da pS 3-199 

HA-5101/883 Low Noise, High Performance Operational Amplifier ..... 0.0.00 e cece eee e aes 3-212 

HA-5102/883 Dual, Low Noise, High Performance Operational Amplifier ...........0.0eeeeeee 3-226 
HA-5104/883 Low Noise, High Performance, Quad Operational Amplifier ............eeeeeees 3-240 

HA-5111/883 Low Noise, High Performance Uncompensated Operational Amplifier ........... 3-254 

HA-5112/883 Dual, Low Noise, High Performance Uncompensated Operational Amplifier ...... 3-268 

HA-5114/883 Low Noise, High Performance Operational Amplifier ........ 0.0 c cece eee e eens 3-282 
HA-5127/883 Ultra-Low Noise, Precision Operational Amplifier ......... 0.00. c eee ee ee ee eens 3-296 
HA-5134/883 Precision Quad Operational Amplifier .........cccccccceccccceccnsssvecceecs 3-310 

HA-5135/883 Precision Operational Amplifier... 0.66 ect c ccc cece secs ececsoercnseeneeese 3-324 
HA-5137/883 Ultra-Low Noise, Precision Wideband Operational Amplifier ............ceeeees 3-338 

HA-5141/883 Single, Ultra-Low Power Operational Amplifier... 0.00... cece cece cence enna 3-352 
HA-5142/883 Dual, Ultra-Low Power Operational Amplifier ....... 00. cece cece ee eee eee ee eees 3-365 
HA-5144/883 Quad, Ultra-Low Power Operational Amplifier ...... 0... ccc cece eee eens 3-378 
HA-5147/883 Ultra-Low, Precision High Slew Rate Wideband Operational Amplifier........... 3-391 

HA-5151/883 Single, Low Power Operational Amplifier....... 00 cece eee eee eee eee naes 3-405 
HA-5152/883 Dual, Low Power Operational Amplifier ...... 0... ccc cee e eee eee eens 3-419 

HA-5154/883 Quad, Low Power Operational Amplifier ..... 0.0... ccc cece eee eee eee ees 3-433 
HA-5177/883 Ultra-Low Offset Voltage Operational Amplifier... 0... 0. cece eee eee eee 3-447 
HA-5190/883 Wideband, Fast Settling Operational Amplifier .... 0.0... ccc cece eee eee ees 3-462 
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ABSOLUTE MAXIMUM RATINGS 
As with all semiconductors, stresses listed under “Absolute Maximum Ratings” may be 
applied to devices (one at a time) without resulting in permanent damage. This is a stress 
rating only. Exposure to absolute maximum rating conditions for extended periods may 
affect device reliability. The conditions listed under “Electrical Specifications” are the only 
conditions recommended for satisfactory operation. 
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HARRIS 


HA-2400/883 


PRAM Four Channel 


January 1989 Programmable Operational Amplifier 


Features 


e This Circuit is Processed in Accordance to Mil-Std- 
883 and is Fully Conformant Under the Provisions of 
Paragraph 1.2.1. 


e Digital Programmability 


e High Slew Rate (Uncompensated) 
(Compensated) 


e Wide Gain Bandwidth 
(Uncompensated) 
(Compensated) 


20V/us Min 
6V/us Min 


20MHz Min 
4MHz Min 


e High Gain 

e Low Offset Current 

e Single Capacitor Compensation For Unity Gain 
e DTL/TTL Compatible Inputs 


Applications 
e Single Selection/Multiplexing 


e Op Amp Gain Stage 

e Frequency Oscillator 

e Filter Characteristics 

e Add-Subtract Functions 
e Integrator Characteristics 
e Comparator Levels 


Pinouts 


HA1-2400/883 (CERAMIC DIP) 
TOP VIEW 


Description 


The HA-2400/883 is a four channel programmable amplifi- 
er providing a level of versatility unsurpassed by any other 
monolithic operational amplifier. Versatility is achieved by 
employing four input amplifier channels, any one (or none) 
of which may be electronically selected and connected to a 
single output stage through DTL/TTL compatible address 
inputs. The device formed by the output and the selected 
pair of inputs is an op amp which delivers excellent slew 
rate, gain bandwidth and power bandwidth performance. 
Other advantages features for these dielectrically isolated 
amplifiers include high voltage gain and input impedance 
coupled with low input offset voltage and offset current. 
External compensation is not required on this device at 
closed loop gains greater than 10. 


Each channel of the HA-2400/883 can be controlled and 
operated with suitable feedback networks in any of the 
standard op amp configurations. This specialization makes 
these amplifiers excellent components for multiplexing, 
signal selection, and mathematical function designs. With 
20V/us slew rate, 2OMHz gain bandwidth, and low input 
bias currents makes these devices ideal building blocks for 
signal generators, active filters, and data acquisition 
designs. Programmability coupled with 9mV maximum 
offset voltage and 50nA offset current makes these 
amplifiers outstanding components for the signal condition- 
ing circuits. 


The HA-2400/883 is available in the 16 pin Dual-in-Line 
Ceramic package and a 20 pin LCC package. The 
HA-2400/883 is specified from -55°C to +125°C. 


HA4-2400/883 (CERAMIC LCC) 
TOP VIEW 


118] ENABLE 


TRUTH TABLE 


OP AMPs & 
COMPARATORS 


Specifications HA-2400/883 


Absolute Maximum Ratings Thermal Information 

Voltage Between V+ and V- Terminals. ..............0000005 45V__—s«cThermal Resistance Sia Bic 
Digerentialinpul Voltage ws. y.. ais cives oe cece cecscnveee +VSUPPLY Ceramic DIP Package ...........eee00. 919C/W = 25°C/W 
Voltage at Either Input Terminal .................cceeeee V+ to V- Ceramic LCC Package ................ 88°C/W 28°C/W 
Digital Input Voltage... ....... cece cee ee eee -0.76V to +10V Internal Power Dissipation 

Peak Output Current (Short Circuit Protected) ...... Isc <+33mA Package Power Dissipation Limit at +75°C for Ty < +175°9C 
SUNCUCOIBINPSTEUNE TUS) c ccus csc vec cstuccctce chee aes +175°C CEPBHNG DIP PaCtehe so oe coe te SCS ere er eee eee 1.11W 
Storage Temperature Range ................. -65°9C to +150°C CereGiGGC PaCKAOG irk oo. cco bse scan vain Be send 1.14W 
Be ie ss Fino eRe sien ee ee pet in tes bb cee <2000V Package Power Dissipation Derating Factor Above +75°9C 

Lead Temperature (Soldering 10 sec)............ceeeees +275°C Ceramic DIP Packag@ i... 0... ee cere te cee 11.14mMW/9C 
CAUTION: Absolute maximum ratings are limiting values, applied Ceramic LCC Package... .... 6.005 11.4mW/9C 


individually beyond which the serviceability of the circuit may be impaired. 
Functional operability under any of these conditions is not necessarily 
implied. 


Recommended Operating Conditions 


Operating Temperature Range ............... =§5°G:io0+125°9C: Negative Supply Voltage... ccc. ccc ccc ccc nccncccaccce -15V 
Operating Supply VoWage: 2. 62. ice cecics Hives oceaes ones +15V 


TABLE 1. D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 


Device Tested at: V+ = +15V, V- = -15V, Rs = 1009, Ri = 500k, Vo = OV Unless Otherwise Specified. 
Digital Inputs: Vi_ = +0.5V, Vip = +2.4V, Limits Apply to Each of the Four Channels, When Addressed. 


GROUP A al 
D.C. PARAMETERS SYMBOL CONDITIONS SUBGROUP | TEMPERATURE | MIN | UNITS 
Offset Voltage Vom = OV 


10 
Input Bias Current +l Vom =0V 
+Rs = 100kN 


rm 
ye) 
oO 
[e) 
©) 
3 
< 


+1259C, -559C 
2 +125°C, -55°9C 
+125°9C, -559C 


+125°9C, -559C 
+125°C, -55°C 


j+resoc-scoe | - | -9 |v | 
Mare Se es 


(a8 | vase. -5606 [as | | ww 
ee ee ee ee 


[ae 


ANG So 
sie ii eee 
omer ae 


S 
> 


nh 


+ 
ye) 
oi 
i 


= 
> 


+Rs = 1002 
-~Rg = 100k. 


5 
> 


= = 


Input Offset Current 
+Rs = 100kN 
-Rs = 100kN 


- 
Oo 
Oo 
= | 


Common Mode Range 


V- = -24V 
VouT = -9V 


Large Signal Voltage Gain 


Common Mode Rejection 
Ratio 


Output Voltage Swing 


oe a 


CAUTION: This device is sensitive to electrostatic discharge. Proper |I.C. handling procedures should be followed. 
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Specifications HA-2400/883 


TABLE 1. D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


Device Tested at: V+ = +15V, V- = -15V, Rs = 1000, Ri = 500k, Vo = OV Unless Otherwise Specified. 
Digital Inputs: Vip = +0.5V, Vi = +2.4V, Limits Apply to Each of the Four Channels, When Addressed 


LIMITS 
GROUP A 
PARAMETER SYMBOL SUBGROUP | TEMPERATURE 


+IOUT VouT = +10V 


PRL De ea ee 
Emeiry = pe 
a8 | wees [= [7 | mA 
[28 _| wesc] 7 | _- | ma 
era ar (ranpoeny 
es = 


Output Current 


Supply Current 


Power Supply Rejection 
Ratio 


+PSRR | AVsyp=+5V 
V+ = +20V, V- = -15V 
V+ = +10V, V- =-15V 


AVsup = +5V 


V+ = +15V, V- = -20V 


V+ = +15V, V- = -10V +1259C, -55°9C 


: sepetteee = 
ee ed 
BRL os 
Ene. ies 


+125°9C, -559C 
TABLE 2. A.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 


Device Tested at: V+ = +15V, V- = -15V, Ry = 2kN, CLOAD = 50pF, Unless Otherwise Specified. 
Subscript 1 Refers to Ay = +1, CcompP = 15pF 
Digital Inputs: Vj_ = +0.5V, Vi = +2.4V, Limits Apply to Each of the Four Channels, When Addressed. 
GROUP A 


PARAMETERS SYMBOL CONDITIONS SUBGROUP TEMPERATURE 


Pan | wa 
oa BP EMT CGR GRE sia 

SS 
ims [vour=omreoowv [7 fae = | 
ies [vour=ow-t00nv [7p ae 
Toss | vour=owrz0omv | 7 | vase ~ ‘| 
=< al | 


Crosstalk 


Digital Logic Current 


OP AMPs & 
COMPARATORS 


Rise & Fall Time 


CAUTION: This device is sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
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Specifications HA-2400/883 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


Device Characterized at: V+ = +15V, V- = -15V, Unless Otherwise Specified. 
Subscript 2 Refers to Ay = +10, Ccomp = OpF 


LIMITS 
PARAMETERS SYMBOL CONDITIONS NOTES TEMPERATURE | MIN | MAX. UNITS 
Unity Gain Bandwidth UGBW, Ay = +1, Ccomp = 15pF +25°C 
Ru = 2kQ, Cy = 50pF 


Full Power Bandwidth, 


FPBW 4 


FPBWo 


Settling Time TSET1 
Slew Rates 
Ri = 2k, Cy = SOpF, 


Output Delay TDEL Ri = 2k, Cy = 50pF, +25°9C 
Ccomp = 15pF, Vin = +5V 


RL = 2k, Ay = +1V, 
Vo = +10V, Cy = 50pF, 
CcompP = 15pF 


Ri = 2kN, Ay = +10V, 
Vo = +10V, CL = 50pF, 
Ccomp = OpF 


Av = +1, CCOmMP = 15pF 
RL = 2k, C= 50pF, 

VO = 10Vp-p, to 0.1% FY. 
Logic Control = +5.0V 


Full Power Bandwidtho 


VourT = —-5V to +5V 
Ri = 2k, Cy = 50pF, 
Ay = +10, Ccomp = OpF 


VouT = +5V to -5V 


Minimum Closed CLS; Ri = 2kN, Cy = 50pF, 
Loop Stability CcompP = 15pF 


CLSo Ri = 2k, Cy = 50pF, 
Ccomp = OpF 


NOTES: 1. The parameters listed in this table are controlled via design or process parameters and are not directly tested at final production. These parame- 
ters are lab characterized upon initial design release, or upon design changes. These parameters are guaranteed by characterization based upon 
data from multiple production runs which reflect lot to lot and within lot variation. 


2. FPBW = 


2n Vpeak 


TABLE 4. ELECTRICAL TEST REQUIREMENTS 


MIL-STD-883 TEST REQUIREMENTS SUBGROUPS (SEE TABLES 1 & 2) 


tee 


* PDA applies to Subgroup 1 only. 


The subgroup assignments of the parameters in these tables were patterned after 
DESC SMD: #5962-87783. 


CAUTION: This device is sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
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HA-2400/883 


Test Circuit 


v2.0 O v1 
002 47pF 1pF 1pF 47pF 
: L : = 9] 11 oa 
OH dg 6 er, 
100 10K HOP iee 164 O—5 
OO) 
na ooz 1 Ey a) fy 50s 
q Lo 6 
2 VW, 
Sat 
O) 
100 100K 0 V7 
‘a 
2 2 
O $32 O “ O V8 
O O 
— 100K he ; 164 os 1 ; 
t oo =| 2, ! 
- j 1 | O 8 0 V9 
2 942 O 
15pF 
100K O 
100 12 
£ 02 | 
2 
6 $33 Bs 
O) O 
im 100K BA 2 
oo2 | O 2 1 (883 a v3 
O O 
a é eae 
2 ed 
$43 
100 100K O > 
1 1 
+ 002 
, ACour FOR LOOP STABILITY, 
2 USE MIN VALUE CAPACITOR 
$34 os TO PREVENT OSCILLATION 
100K O 1 4 50K 
100 O O 07) $14 O 
oon | om [la Dias : 4 10 , 500K re 
= O 
2 i UF : O S11 $9} => 
$44 2 ay 
OPEN —O —o = 
O 
oe 100K 2 ; ie 
1, O VIN 2K 50pF * 
= 1 200 aR 
V50—S0-~ $8, 0 == v4 
E 
1 (OUT) 
$4 .O— OPEN 
2 O 
330 open | 49K : 
pi O * Includes Stray Capacitance 
1 
82 “ies ~~ OPEN @ All Capacitors = +10% (uF) 
1 e i = 
$1, O— OPEN All Resistors = +1% (2) 
2° e DUT Pin Numbers Refer to 


14 Pin Cerdip Package 


For Detailed Information, Refer to HA-2400/883 Test Tech Brief 


Test Waveforms 


+ 5.0V + 5.0V 
INPUT 
- 5.0V - 5.0V 
+ SR - SR 
SLEW RATE WAVEFORMS 
+ 200mV OV 
INPUT 
OV - 200mV 
Tr + OS Te, -OS 


OVERSHOOT, RISE & FALL TIME WAVEFORMS 
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+ 5.0V 


- 5.0V 
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HA-2400/883 


Burn-In Circuits 
HA-2400/883 CERAMIC DIP 


16) Do 0 fo 
D 
ja Of 
14] ENABLE 
13 GND 
V 
a 


DECODE 
CONTROL 


; 


manananeTatote 
YY_Y 
ane 
= 


OV - 


OUT 
5 a a 
ir output amp | 9 | 
| t+], ©, 


HA-2400/883 CERAMIC LCC 


es) 
=h 


NOTES: 

Ry = 100k2/Socket, 5%, 1/4W (Min) 

Cz = Co = 0.01F/Socket (Min) or 0.1.F/Row (Min) fo = 100kHz 

Cz = 0.001 F/Socket, 10% fy = SOkHz 50% Duty Cycle 
Dy = Dp = 1N4002 or Equivalent/Board fo = 25kHz 


| (V+) - (V-) |= 30V 


HA-2400/883 


Schematic Diagram 
o COMP 


UF 22 a EE *Vcc 


yp peat re 

ae lat =" 

orem: 
. —— tare 


1 IN-9 


N 
RI R12 R13 R 
1.6K 1.6K 0.8K Hs 
1 Q 
R3 £ asy ve azey fee 


TO ADDITIONAL 
INPUT STAGES 


-VEE 


” 
Die Characteristics 86 
- 
DIE DIMENSIONS: DIE ATTACH: : _ 
88 x 67 x 19 mils Material: Gold/Silicon Eutectic Alloy é = 
(2240 x 1710 x 483um) Temperature: Ceramic DIP — 460°C (Max) re) 3 
METALLIZATION: Ceramic LCC — 420°C (Max) 8) 
Type: Aluminum WORST CASE CURRENT DENSITY: 
Thickness: 16kA + 2kA 0.7 x 10°A/cm2 
GLASSIVATION: ACTIVE DEVICE COUNT: 251 
Type: Nitride 


Thickness: 7kA + 0.7kA 
SUBSTRATE POTENTIAL (POWERED UP): Unbiased 


Metallization Mask Layout HA-2400/883 


-IN3 


+1N4 


-IN4 
-IN1 


+IN1 


-IN2 


+IN2 V- 


NOTE: Pin Numbers Correspond to DIP Package Only. 
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HA-2400/883 


Packaging' 
16 PIN CERAMIC DIP 
.005 MIN 
.200 MAX 
015 
.060 oP 
125 15 
.180 
* INCREASE MAX LIMIT BY .003 INCHES 
MEASURED AT CENTER OF FLAT FOR 
SOLDER FINISH 
LEAD MATERIAL: Type B INTERNAL LEAD WIRE: 
LEAD FINISH: Type A Material: Aluminum 
PACKAGE MATERIAL: Ceramic, 90% Alumina Diameter: 1.25 Mil 
PACKAGE SEAL: Bonding Method: Ultrasonic 
Material: Glass Frit COMPLIANT OUTLINE: 38510 D-2 


Temperature: 450°C + 10°C 
Method: Furnace Seal 


20 PAD CERAMIC LCC 
.003 .075 


-342 
.358 


PAD MATERIAL: Type C INTERNAL LEAD WIRE: 

PAD FINISH: Type A Material: Aluminum 

FINISH DIMENSION: Type A Diameter: 1.25 Mil 

PACKAGE MATERIAL: Multilayer Ceramic, 90% Alumina Bonding Method: Ultrasonic 
PACKAGE SEAL: COMPLIANT OUTLINE: 38510 C-2 


Material: Gold/Tin (80/20) 
Temperature: 320°C + 10°C 
Method: Furnace Braze 


NOTE: All Dimensions are , Dimensions are in inches. t Mil-M-38510 Compliant Materials, Finishes, and Dimensions. 


Min 
a 


@ HARRIS HA-2400 


DESIGN INFORMATION PRAM Four Channel 
Programmable Operational Amplifier 


The intormation contained in this section has been developed through characterization by Harris Semiconductor and is for 
use as application and design aid only. These characteristics are not 100% tested and no product guarantee is implied. 


TYPICAL PERFORMANCE CHARACTERISTICS 
Devices Characterized at: Vg = +15V, Vi_ = +0.5V, Vip = +2.4V. Values Apply to Each of Four Channels When Addressed. 


PARAMETERS CONDITIONS TEMP 


UNITS 


V 
nA 
nA 


V/V 


m 
Ma 
k 
Gain Bandwidth Product Ri = 2k, CL = S50pF, Ccomp = OPF, +25°C 
Ay = +10 
Unity Gain Bandwidth RL = 2k, CL = 50pF, Ccomp = 159F, M 
Ay=+1 


Output Volage Swing TT y 
ulead Coetgt Youre ie Gasogel sah =| Ek 


Rise Time Ry = 2k, CL = 50pF, Ccomp = 15pF, +25°9C 
Ay =+1 
Ay =+1 


Vo = 10Vp-p 00.1% 

Vin = +5.0V 

Unselected Input to Output, Vinxy = 10VDC 
i ae 


V/us 
V/us 
Settling Time 
Digital Logic Current 
mA 


mA 


re. 
o 
a. 
= 
< 
a. 
Oo 


COMPARATORS 


HA-2400 


DESIGN INFO RMATION (Continued) 


The information contained in this section has been developed through characterization by Harris Semiconductor and is for 
use as application and design aid only. These characteristics are not 100% tested and no product guarantee is implied. 
Typical Performance Curves Unless Otherwise Specified: V+ = +15V, Ta = +25°C 


INPUT BIAS CURRENT AND OFFSET CURRENT POWER SUPPLY CURRENT DRAIN 
AS A FUNCTION OF TEMPERATURE AS A FUNCTION OF TEMPERATURE 
5 


VSUPPLY = + 
VsuPPLy = + 
VsuPPLy = + 


SUPPLY CURRENT (mA) 


-50 -25 0 +25 +50 +75 +100 +125 . —-50 -25 0 +25 +50 +75 +100 +125 
TEMPERATURE (°C) TEMPERATURE (°C) 
NORMALIZED A.C. PARAMETERS vs. TEMPERATURE OPEN LOOP FREQUENCY AND PHASE RESPONSE 


1.2 


aE eee 

> 100 

| CTSNET RYT 
CUE SSS a 


1.1 


Open Loop Voltage Gain - dB 
= an 
oO oOo 


CcomP = OoF Ae ta 
1.0 0 ae == = Ccomp = 15pF = 180 
~20 iG 210. 
10 100 1K 10K 100K 10M 100M 


Frequency - Hz 


FREQUENCY RESPONSE vs. Ccomp 


NORMALIZED VALUE REFERRED TO +25°C 


TEMPERATURE (°C) 


OASIS Caen 
oor 111 TNS 
sol TTT TM | TTT TE) P| 


10 100 1K 10K 100K 1M 10M 100M 
Frequency - Hz 


Open Loop Voltage Gain - dB 


NORMALIZED A.C. PARAMETERS vs. SUPPLY VOLTAGE OPEN LOOP VOLTAGE GAIN vs. TEMPERATURE 


110 | = 


VsSuPPLY = +20.0V 
VSUPPLY = +15.0V 
VSUPPLY = +10.0V 


105 


GAIN, dB 
S 
o 


NORMALIZED VALUE REFERRED TO +15.0V 


* -50 -25 0 +25 +50 +75 +100 +125 


SUPPLY VOLTAGE TEMPERATURE (°C) 


HA-2400 


DESIGN INFORMATION (continueq) 


The information contained in this section has been developed through characterization by Harris Semiconductor and is for 
use as application and design aid only. These characteristics are not 100% tested and no product guarantee is implied. 
Typical Performance Curves Unless Otherwise Specified: Vt = +15V, Ta = +25°C 

OUTPUT VOLTAGE SWING EQUIVALENT INPUT NOISE vs. BANDWIDTH 
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ee = a 

Ht 1 Sam om eS NS 
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Input Noise (£/V) 
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sd 
ie 
NUT 


Output Swing, Volts Peak-to-Peak 
ta 
Z| 


anal 
sor 
oy 
Pe TH Hi 


10K 100K 10M 100Hz 1kHz 10kHz 100k Hz 1MHz 
Frequency ey 


fe 

8 O 

To os 

Upper 3dB Frequency oO ¢ 
Lower 3dB Frequency - 10Hz = — 
Broadband Noise Characteristics o. = 
[5 

O 


Typical Applications (Also See Application Note 514 in the Harris Analog Data Book) 


AMPLIFIER, NONINVERTING PROGRAMMABLE GAIN SAMPLE AND HOLD 


DIGITAL 
\/ GROUND 


Sample Charging Rate | wesec ly © 150 x 10-6 A 
c lp 200 x 10-9 A @ +25°C 
| 
Hold Drift Rate 2 W/sec = 600 x 10-9 A @ -55°C 
re = 100 x 1079 A @ +125°C 


Q = -12 
Switch Pedestal Error __ Volts Q = 2x 107'* Coulombs 


Cc 


HA-2500/883 
HA-2502/883 


Precision High Slew Rate 
Operational Amplifiers 


i HARRIS 


January 1989 


Features 


e This Circuit is Processed in Accordance to Mil-Std- 
883 and Is Fully Conformant Under the Provisions of 
Paragraph 1.2.1. 


¢ High Slew Rate (HA-2500/883).......... 25V/us Min 
30V/us Typ 

¢ Wide Power Bandwidth (HA-2500/883) .... 350kHz Min 
¢ High Input Impedance (HA-2500/883)...... 25MQ Min 
50MQ Typ 

¢ Low Offset Current (HA-2500/883) ........ 25nA Max 
10nA Typ 

e Low Quiescent Current..........ccceeceees 6mA Max 
¢ Fast Settling Time (0.1% of 10V Step) ..... 330ns Typ 
¢ High Gain Bandwidth Product ............ 12MHz Typ 


¢ Internaily Compensated For Unity Gain Stability 


Applications 

e Data Acquisition Systems 
¢ R.F. Amplifiers 

e Video Amplifiers 

© Signal Generators 


¢ Pulse Amplification 


Pinouts 


HA7-2500/883 (CERAMIC MINI-DIP) 
HA7-2502/883 (CERAMIC MINI-DIP) 
TOP VIEW 


HA4-2502/883 (CERAMIC LCC) 
TOP VIEW 


Description 


HA-2500/883 and HA-2502/883 comprise a series of 
monolithic operational amplifiers whose designs are 
optimized to deliver excellent slew rate, bandwidth, and 
settling time specifications. The outstanding dynamic 
features of this internally compensated device are 
complemented with low offset voltage and offset current. 


These dielectrically isolated amplifiers are ideally suited 
for applications such as data acquisition, R.F., video, and 
pulse conditioning circuits. Guaranteed slew rates of 
+25V/y"s minimum (HA-2500/883) and + 20V/us minimum 
(HA-2502/883) make these devices excellent components in 
fast, accurate data acquisition and pulse amplification 
designs. To insure compliance, all devices are 100% 
tested for A.C. performance characteristics over the full 
temperature limits. 


A typical 12MHz gain bandwidth product and 500kHz full 
power bandwidth make these devices well suited to R.F. and 
video applications. With guaranteed offset voltages of 5mV 
(HA-2500/883) and 8mV (HA-2502/883) plus external 
offset trim flexibility and low offset current, these amplifiers 
are particularly useful components in signal conditioning 
designs. 


HA-2500/883 and HA-2502/883 are specified over the 
-559C to +125°C temperature range. Both devices are 
available in 8 pin Metal Cans (TO-99) and 8 pin Ceramic 
Mini-DIP. The HA-2502/883 is also available in a 20 pin 
Ceramic Leadiess Chip Carrier (LCC) package. 


HA2-2500/883 (METAL CAN) 
HA2-2502/883 (METAL CAN) 
TOP VIEW 


NC 
V+ 
NC 
OUT 
NC 


Specifications HA-2500/883 HA-2502/883 


Absolute Maximum Ratings 


Thermal Information 


Voltage Between V+ and V- Terminals. ..........e0eeeeeee 40.0V__ Thermal Resistance Gia Bic 
Differential input Voltage.c 6... re: corer seers 15.0V eremic. DIP Pasha Geo. ereesepewees 1379C/W  59°9C/W 
Voltage at Either Input Terminal .............. eee ee eeeee V+ to V- Ceramic LCC Package ..........s0000. 749C/W 3 24°9C/W 
gon Reet | ee ee eee Serres rer 5OmA Witt CIV POCKAGO so oni acess cas pegecs 139°9C/W 42°9C/W 
Jurictiorn Temperature (Ti) 5.02... cccsceceneccccenesens +175°C Package Power Dissipation Limit at +75°C for Ty < +175°C 
Storage Temperature Range ............++05- -65°9C to +150°C COraniiG Di’ POCKEGG inns cosac che ee eee caddis caapre 730mW 
Bee BD eck ot visaass Sad andadsns sae asec < 2000V Ceramic eG PACKAGD a. ac. sVinsa bs cote sca wee cee ok 1.35W 
Lead Temperature (Soldering 10 S€C)....... 0. eee ee eee 275°C Metal Can PaChOOG co is cers ed nechs cinawnse da ec een’ 730mW 
CAUTION: Absolute maximum ratings are limiting values, applied Package Power Dissipation Derating Factor Above +75°C 
individually beyond which the serviceability of the circuit may be impaired. Ceramic DIP Package .....-.--.seeee cece eee eeeee 7.4mW/°C 
Functional operability under any of these conditions is not necessarily Ceramic LCC Package .........--sseeeeeeeeeeees 13.5mW/°C 
implied. OAs SLT, (| nee aoe as era cen 7.3mW/°C 
Recommended Operating Conditions 

Operating Temperature Range ...........+++- -55°C to+1259°C) 3= ViNcm < 1/2 (V+ - V-) 

Operating Supply Voltage ........ ccc cece ee eee cee crennes +15V . Rp > 2k 


TABLE 1. D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 


Device Tested at: Supply Voltage = +15V, RSOURCE = 1002, RLOAD = 500k, Vout = OV, Unless Otherwise Specified. 


D.C. 
PARAMETERS | SYMBOL CONDITIONS 
Input Offset Vom = OV 


Voltage 

Vom = OV 
+Rs = 100k. 
-Rs = 100 


2,3 


Input Bias 
Current 


Vom = OV 
+Rg = 1002 
-Rg = 100k. 


Input Offset 
Current 


Vom = OV 
+Rg = 100k. 
-Rs = 100kN 


Common Mode 
Range 


Large Signal 
Voltage Gain 


VouT = OV and +10V 
Ru = 2k2 


Vout = 0V and -10V 
RL = 2k 


Common Mode AVcm = +10V 

Rejection Ratio +V = +5V 
-V = -25V 2,3 
Vout = -10V 


AVcm = -10V 
+V = +25V 
-V=-5V 
VouT = +10V 


GROUP A 
SUBGROUP 


+ 
pal 
oO 


2,3 


; 


+] 


HA-2500/883 


COMPARATORS 


HA-2502/883 


TEMPERATURE 


co 
+25°9C | 5 | 
+1259C, -55°9C pe | 
+25°9C | -200 | 
+125°C, -55°9C  -400 | 
+25°C 
+125°C, -559C 
+25°C 
+125°C, -559C 
+25°C 


+1259C, -559C +10 4 +10 Lo 


ae = 
412596, -55°C on -10 


+25°9C 


—_ 


+125°9C, -55°C 


_ 
io) 


+25°9C 


— 
oO 


+1259C, -55°9C 
+25°9C 


+125°C, -559C 


~“ 
h 


+25°9C 


N 
h 


N 
i 


“ 
& 


+1259C, -55°C 


= 
oO 16) ) 


CAUTION: This device is sensitive to electrostatic discharge. Proper |.C. handling procedures should be followed. 


3-15 


OP AMPs & 


HA-2500/883 HA-2502/883 


TABLE 1. D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 
Device Tested at: Supply Voltage = +15V, RSOURCE = 1002, RLOAD = 500kN, VoyrT = OV, Unless Otherwise Specified. 


D.C. GROUP A 
PARAMETERS | SYMBOL CONDITIONS SUBGROUP 
Output Voltage | +VouT | RL = 2k 
Swing 

-VOUT Riu = 2kN 
+lOuUT VOUT = -10V 


} “lout | YouT=+10V 
+loc VouT = OV 1 
louT = OmA 


oe 


HA-2500/883} HA-2502/88 


Cc 


TEMPERATURE NITS 


+25°9C 
+1259C, -55°9C 
+25°C 
+1259C, -55°9C 
+25°9C 
+1259C, -55°9C 
+25°9C 
+1259C, -55°9C 
+25°C 
+1259C, -559C 
+25°9C 
+1259C, -55°9C 
+259C 


a 
oO 


313.13 13:13 .a4aos 


Output Current 


. 


N 


2 —_ 
o | oO 


4 
° 


! 
N 
oi 


N N 
|e 


i 
fe) 
a 
<|/<|</< 


Quiescent Power 
Supply Current 


“Ice 


+PSRR 


—s 


Power Supply 
Rejection Ratio 


AVsup = 10V 
+V = +20V, -V =-15V 
+V = +10V, -V = -15V 


+12509C, -55°9C 


f be ba HST 
a 1 
Nj pes 
on a?) 


+25°9C 


AVsup = 10V 
+V = +15V, -V = -20V 
+V = +15V, -V =-10V 


TABLE 2. A.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 


+1259C, -55°C 
+25°9C Vv 


Offset Voltage 
Adjustment 


fe) 
A 


+1259C, -55°C 
+25°9C 
+1259C, -55°C 


1O- 


—_ 


=< 
O 
+- 
ah | ot 
S| 
QO jO 
ce 


Viot 


Device Tested at: Supply Voltage = +15V, RsouRCE = 502, RLQAD = 2k, CLOAD = 50pF, AycL = +1V/V, 
Unless Otherwise Specified. 


co Se 
Slew Rate +SR Vout = -5V to +5V iat {alan +25°9C 
Heroine 
VouT = +5V to -5V ea ee +25°9C 


HA-2500/883 | HA-2502/883 


Cc 


= = = 
” 2 (2) 


NITS 


/s 


Rise & Fall Time 


7 
‘6 

VouT = 0 to +200mV r +25°C 
7 


opie eeieler. |" a 
+1259C, -550C 
Tr Vout = 0 to -200mvV ee +250C 
+OS VouT = 0 to +200mV +259C 
Vout = 0 to -200mV +250C 


10% < Tr < 90% 


HA-2500/883 HA-2502/883 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 
Device Characterized at: Supply Voltage = +15V, RLOAD = 2k, CLOAD = 5OpF, Unless Otherwise Specified. 


Differential Input 
Resistance 


Full Power 
Bandwidth 


Minimum Closed 
Loop Stable Gain 


NOTES: 1. Parameters listed in Table 3 are controlled via design or process parameters and are not directly tested at final production. These parameters are 
lab characterized upon initial design release, or upon design changes. These parameters are guaranteed by characterization based upon data 
from multiple production runs which reflect lot to lot and within lot variation. 


2. Fuil Power Bandwidth guarantee based on Slew Rate measurement using FPBW = Slew Rate/(2nVpe ax). 


3. Quiescent Power Consumption based upon Quiescent Supply Current test maximum. (No load on outputs.) oY 
4. Offset adjustment range is [ Vig(Measured) + 1MV ] minimum referred to output. = © 
This test is for functionality only to assure adjustment through OV. = - 
ee 

O = 

‘e) 

O 


TABLE 4. ELECTRICAL TEST REQUIREMENTS 


MIL-STD-883 TEST REQUIREMENTS SUBGROUPS (SEE TABLES 1 & 2) 


7 


* PDA applies to Subgroup 1 only. 


The Subgroup assignments of the parameters in these tables were patterned 
after Mil-M-38510/122, device type 04. 


HA-2500/883 HA-2502/883 


Test Circuit (Applies to Tables 1 and 2) 


ACOuT 
* INCLUDES STRAY 
CAPACITANCES o V1 


100K 91 OPEN SOpF* FOR LOOP STABILITY, 
2. USE MIN VALUE CAPACITOR 
S3A TO PREVENT OSCILLATION 
S1 4 50K 
OPEN 20 1 S5A : Pex 
S5B 1 
OPEN 9S9 > > 
S21 1 S6 S8 Soo 
OPEN 20 : phd Peat tg | ya \V BUFFER 
100K 2 S3B &} 
1% , 2K 10K 
100 100 OPEN Vac 0.1 11 - Ver 
SO : 
Lid vy Pee 
aK n2 94 
reid "4 ALL RESISTORS = + 1% (2) 


ALL CAPACITORS = + 10% ( /F) 


For Detailed Information, Refer to HA-2500/883; HA-2502/883 Test Tech Brief 


Test Waveforms 
SIMPLIFIED TEST CIRCUIT (Applies to Table 2) 
+ 15V 


INPUT OUTPUT 


si 50pF 
- 15V 
SLEW RATE WAVEFORM TRANSIENT RESPONSE WAVEFORM 
+ 
+5.0V aneny Sf ov 
INP 
INPUT ue 
dV -200mV 
-5.0V 
#5 cs coc aes ce oe OVERSHOOT 
90% oT spe ee a, a ae 
OUTPUT 90% — 
10% OuTPuT /1 
J ease ° | 
os y_ AT I SLEW ae 
| ={ RATE= = 
i. 1 avat ——~} — — RISE TIME 


NOTE: Measured on both positive and negative transitions. 
Capacitance at Compensation pin should be minimized. 


HA-2500/883 HA-2502/883 


Burn-In Circuits 


HA7-2500/883 CERAMIC DIP 
HA7-2502/883 CERAMIC DIP 


HA4-2502/883 CERAMIC LCC 


OP AMPs & 
COMPARATORS 


HA2-2500/883 (TO-99) METAL CAN 
HA2-2502/883 (TO-99) METAL CAN 


V+ 


NOTES: 

Ry = 1MQ, +5%, 1/4W (Min) 
Czy = Co = 0.01yF/Socket (Min) or 0.1 yF/Row (Min) 
C3 = 0.01yF/Socket (10%) 

D1 = Do = IN4002 or Equivalent/Board 

| (V+) - (V-) |= 30V 


HA-2500/883 HA-2502/883 


Schematic Diagram 


OFFSET OFFSET 
@ 3 
O v+ 
R6 R9 
200 200 R8 
200 
R7 R10 
1.8K 1 1.8K 
Q16 
R13 
30 
O OUTPUT 
R14 
30 
COMP © Q18 
eee 
INPUT+ © Q19 
R19 
6.3K 
R26 
Q30 
a Q21 
Q33 Q31 
R18 R17 R16 R15 
Q36 1.48K 1.48K 1.48K 740 
fy V- 


INPUT - © 
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Die Characteristics 


DIE DIMENSIONS: GLASSIVATION: 
65 x 57 x 19 mils Type: Nitride 
(1660 x 1950 x 483 pm) Thickness: 7kA + 0.7kA 
METALLIZATION: TRANSISTOR COUNT: 
Type: Aluminum HA-2500/883: 40 
Thickness: 16kA + 2kA HA-2502/883: 40 
WORST CASE CURRENT DENSITY: PROCESS: Std. Linear Bipolar Dielectric Isolation 
0.3 x 10°A/em? DIE ATTACH: 
SUBSTRATE POTENTIAL (Powered Up): Material: Gold/Silicon Eutectic Alloy 
Unbiased Temperature: Ceramic DIP — 460°C (Max) 


Ceramic LCC — 420°C (Max) 
Metal Can — 420°C (Max) 


Metallization Mask Layout 
HA-2500/883 HA-2502/283 


V+ OUT BAL 


OP AMPs & 
COMPARATORS 


COMP 


BAL -IN +IN 


NOTE: Pad Numbers Correspond to 8 Lead Metal Can and Mini-DIP Packages Only. 
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Packaging t 
8 PIN CERAMIC DIP 


aie LEAD MATERIAL: Type B 
ard 65 Ne LEAD FINISH: Type A 
PACKAGE MATERIAL: Ceramic, 90% Alumina 
PACKAGE SEAL: 
Material: Glass Frit 


.290 Temperature: 450°C + 10°C 
.310 Method: Furnace Seal 
Il .o08* <= INTERNAL LEAD WIRE: 
.015 Material: Aluminum 
Diameter: 1.25 Mil 
050 * * INCREASE MAX LIMIT BY .003 INCHES Bonding Method: Ultrasonic 
“065 MEASURED AT CENTER OF FLAT FOR COMPLIANT OUTLINE: 38510 D-4 


SOLDER FINISH 


20 PAD CERAMIC LCC 


PAD MATERIAL: Type C 
PAD FINISH: Type A 
FINISH DIMENSION: Type A 
PACKAGE MATERIAL: Ceramic, 90% AloO3 
PACKAGE SEAL: 
Material: Gold/Tin (80/20) 
Temperature: 320°C + 10°C 
Method: Furnace Braze 
INTERNAL LEAD WIRE: 
Material: Aluminum 
Diameter: 1.25 Mil 
Bonding Method: Ultrasonic 
COMPLIANT OUTLINE: 38510 C-2 


8 PIN TO-99 METAL CAN 


165 505 
1185 560 LEAD MATERIAL: Type A 


LEAD FINISH: Type C 
PACKAGE MATERIAL: Kovar Header with 


010 
Nickel Can 


045 
PACKAGE SEAL: 

Material: No Seal Material 

Temperature: Room Temperature 

Method: Resistance Weld 
INTERNAL LEAD WIRE: 

Material: Aluminum 

Diameter: 1.25 Mil 

Bonding Method: Ultrasonic Bonded 
210 COMPLIANT OUTLINE: 38510 A-1 


335 321 


"370 .325 


anon 


*Dimension Maximum Limits Are Increased by 0.003 inches for Solder Dip Finish 


NOTE: All Dimensions are Jil , Dimensions are in inches. t Mil-M-38510 Compliant Materials, Finishes, and Dimensions. 


S722 


HA-2500 
HA-2502 


DESIGN INFORMATION Precision High Slew Rate 
Operational Amplifiers 


| HARRIS 


The information contained in this section has been developed through characterization by Harris Semiconductor and is for 
use as application and design aid only. These characteristics are not 100% tested and no product guarantee is implied. 


Typical Performance Curves unless Otherwise Specified: Ta = +25°C, VsuppLy = +15V 


OPEN LOOP VOLTAGE GAIN vs. TEMPERATURE INPUT BIAS AND OFFSET CURRENT vs. TEMPERATURE 


rf | 
|  Vsuppy = £20.0V 


T2 


100 


=f T 


VsupPLy = +15.0V 


BIAS CURRENT 


Vsuppcy = +10. 
: 40 


GAIN-dB 


CURRENT-nA 


+1002 +125 


+75 


TEMPERATURE°C 
+50 
TEMPERATURE°C 


NORMALIZED A.C. PARAMETERS vs. 
EQUIVALENT INPUT NOISE vs. BANDWIDTH SUPPLY VOLTAGE @ +25°C 


see! a eet fe hei: l= etry?) Ca) Laem 
a | BANDWIDTH 
Coo i—esmaniisi | 
RAs Sa Ws 15 Oa +—+—} ao 
Coin it i 
Hit Bs 
Ss 10 Cee eee eee oases: ae 10 
gS 10K SOURCE RESESTANCE 2t{——}—t tie as =5 
see 0 SOURCE RESISTANCE (+X : et = < 
Pare af Fe eom 
Zzes | [iii Ep! ie 
>= ge F no 
3 es ae 
y see's eT s stot A ae zu 609 
= c 


1NkHz 100kHz +10 +15 +20 


UPPER 3dB FREQUENCY SUPPLY VOLTAGE 
LOWER 3dB FREQUENCY-10Hz 


1kHz 


NORMALIZED A.C. PARAMETERS vs. TEMPERATURE OUTPUT VOLTAGE SWING vs. FREQUENCY @ +25°9C 


11 


& = 25 AU TT 
© 
-S pees crit CoN 
< Se f = 3 20 \ 
on ers “hii 
ge8 7) anon ge ETM LENE LEE LAT 
=z ud | | > 15 
ef 4 ieee _vsurny zy ||| A TE 
: Tit Tin NCTM ELIE ET 


-50 -25 0 +25 +500 +75 +1000 +125 LINE UHI ON 


TEMPERATURE°C 10K 


10MEG 
hatin’ Hz 
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DESIGN INFORMATION (continuea) 


The information contained in this section has been developed through characterization by Harris Semiconductor and is for 
use as application and design aid only. These characteristics are not 100% tested and no product guarantee is implied. 


Typical Performance Curves unless Otherwise Specified: Ta = +25°C, Vsyppry = £15V 


OPEN LOOP FREQUENCY RESPONSE FOR 
VARIOUS VALUES OF CAPACITORS FROM 
COMPENSATION PIN TO GROUND POWER SUPPLY CURRENT vs. TEMPERATURE 


ME REE A 
sr eee A 
CSS a [Tee TUM TNL 

CTS See ije-cml BU 


CTT TUN Pe Seu Th 
lie ail — 


120 
100 


io] 
1 


OPEN LOOP 
VOLTAGE GAIN dB 
PHASE ANGLE 


VsupPLy = +20.0V 
VsuPPLy = +15.0V 


CURRENT-mA 


- Vsuppcy = +10.0V 
10 100 1k 10k 10M 100M 
AWE Woes 5 Hz 


NOTE: External compensation components are not required for 
Stability, but may be added to reduce bandwidth if desired. 


TEMPERATURE°C 


OPEN-LOOP FREQUENCY AND PHASE RESPONSE SUGGESTED Vos ADJUSTMENT 


60° 


ims Sal eee sp 
LT SST TTT 0 


ac 
OB Sn SUE 
BL eA ott 
BEEN 00 000) SE gt UL 
ao CCC Con CTT 


10k 10M 100M 
FREQUENCY Hz 


> 
o 


OPEN LOOP 
VOLTAGE GAIN dB 


NO 
o 


150° 


N 
pe. 


Tested Offset Adjustment is | Vog + 1mv | 
Minimum Referred to Output. 
Typical Range is +8mV for Rr = 20kn 


INPUT NOISE DENSITY vs. FREQUENCY 


1000 EE 


—aaE8 tt 
SST Bia a || mai 


aa Sama iimaTiiami 


N N 
ig z 
~~. ts 
100 SS SSeS SS eS 6S 6 ee See Ge ee SS 6 SS Ge Ge Ge os Ge 8S ES Ge Gee Ge oe ry 
w a tt tt tt tt tt é 
oO MBS mereseD me, =. et fF 4 Spa ae Be a 
< Feehan THE Ee i 
bf SE LTA 
z art etna bs et g 
> ABR G i ae ae iT TTT 
% See iii) 
(2) ° 
2 10 ee 066 6 eS Se en ee ee ees es ee ee eee ee oe — em 1 2 
= - 
3 it th HT th Ht ——}— r4 
a Seiten 
: aia aia = 
1 
Teengucace ee 
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DESIGN INFORMATION (continueq) 


The information contained in this section has been developed through characterization by Harris Semiconductor and is for use 
as application and design aid only. These characteristics are not 100% tested and no product guarantee is implied. 


TYPICAL PERFORMANCE CHARACTERISTICS 
Device Characterized at: Vg = +15V, RL = 2K, Cy = 50pF, Unless Otherwise Specified. 


PARAMETERS CONDITIONS 


Offset Voltage +25°9C 
Offset Voltage Average Drift Full 

Input Impedance ofa Humninip ecWOe Se ot +25°C 
Large Signal Voltage Gain +259C 


DESIGN 


LIMIT UNITS 


H 
V 


TEMP TYPICAL {| TYPICAL 


Table 1 
Table 1 


12 


Gain Bandwidth Product +250 
Unity Gain Bandwidth Small Signal (< 200mvV) Full 


V 
M 
V 
eae 
|e 
: PMs | 
Output Current +25°C +20 +20 Table 1 
Full Power Bandwidth +250C Table 3 
Rise/Fall Time +250C eed 
Overshoot +250C Table 2 ae 
Slew Rate +250C +30 +30 Table 2 


Output Resistance Open Loop +25°9C 


Minimum Supply Voltage Functional Operation Only +25°C 
Other Parameters Will Vary 


Table 2 


V/us 


oO 


30 


4 


H 


H 
b 


+5 


3-25 


OP AMPs & 
COMPARATORS 


HA-2510/883 
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High Slew Rate 
Operational Amplifiers 


i HARRIS 


January 1989 


Features 


e This Circuit is Processed in Accordance to Mil-Std- 
883 and is Fully Conformant Under the Provisions of 
Paragraph 1.2.1. 


¢ High Slew Rate (HA-2510/883) 50V/us Min 


65V/us Typ 
¢ Wide Power Bandwidth (HA-2510/883).... 750kHz Min 


¢ Low Offset Current (HA-2510/883) 25nA Min 
10nA Typ 


¢ High Input Impedance (HA-2510/883 ) ... 50MQ Min 
100MQ Typ 


12MHz Typ 
e Fast Settling Time (0.1% of 10V Step) .... 250ns Typ 


e Wide Small Signal Bandwidth 


e Low Quiescent Supply Current 


e Internally Compensated For Unity Gain Stability 


Applications 


e Data Acquisition Systems 
e R. F. Amplifiers 

e Video Amplifiers 

© Signal Generators 


¢ Pulse Amplification 


Pinouts 
HA7-2510/883 (CERAMIC MINI-DIP) 
HA7-2512/883 (CERAMIC MINI-DIP) 
TOP VIEW 
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HA4-2512/883 (CERAMIC LCC) 
TOP VIEW 


Description 


The HA-2510/883 and HA-2512/883 are a series of high 
performance operational amplifiers which set the standards 
for maximum slew rate and wide bandwidth operation in 
moderately powered, internally compensated, monolithic 
devices. In addition to excellent dynamic characteristics, 
these dielectrically isolated amplifiers also offer low offset 
current and high input impedance. 


The + 50V/us minimum slew rate and fast settling time of 
the HA-2510/883 are ideally suited for high speed D/A, 
A/D, and pulse amplification designs. The HA-2510/883 
and the HA-2512/883’s superior bandwidth and 750KHz 
(HA-2510/883) minimum full power bandwidth are 
extremely useful in R. F. and video applications. To insure 
compliance with slew rate and transient response specifica- 
tions, all devices are 100% tested for A. C. performance 
characteristics over full temperature limits. To improve 
signal conditioning accuracy, the HA-2510/883 provides a 
maximum offset current of 25nA and a minimum input 
impedance of 50MQ, both at +25°C, as well as offset 
voltage trim capability. 


The HA-2510/883 and HA-2512/883 are available as 
MIL-STD-883 compliant devices screened to Class B level. 
These devices are sensitive to electrostatic discharge and 
are in microcircuit group number 49 (see MIL-M-38510, 
Appendix E). The HA-2510/883 and HA-2512/883 have 
guaranteed operation over the military temperature 
range from -55°C to +125°C and are available in TO-99, 
8 pin Metal Can and Ceramic Mini-DIP packages. The 
HA-2512/883 is also available in a 20 pin LCC package. 


HA2-2510/883 (METAL CAN) 
HA2-2512/883 (METAL CAN) 
TOP VIEW 


Specifications HA-2510/883 HA-2512/883 


Absolute Maximum Ratings Thermal Information 

Voltage Between V+ and V-Terminals...........02.00eeeeee 40V___ Thermal Resistance Gia Bic 
Soeur et Witty WIS Lk. cass soc cascdeccteetnsnctemses 15V Ceramic DIP Package ..............05- 1379C/W 59°9C/W 
Voltage at Either Input Terminal ................2 eee eeee V+ to V- Ceramic LCC Package ..............4. 749C/W 24°9C/W 
Peale Chestoorrh (ut OOih a iack «i ok AL.s oh s bee he Ea Seles bd epreeaals 5O0mA Metal Can Package .............eeeee: 139°C/W 429C/W 
Junction Jemperauire (7.)) Acces. cessed corres ewews +175°C Package Power Dissipation Limit at +75°C for Ty < +175°9C 
Storage Temperature Range ..............06. -65°9C to +150°C Ceramic DIP Package sy 6.x. oi. 4. esp vats cbs eagle 730mW 
SSD-Ratag <i correee erie ire eee eee eee eee < 2000V Carmine EGC PACKOGG.... o sccsc cde ccd ciincecfuscssvsned 1.35W 
Lead Temperature (Soldering 10 S@C)......... ce eee ewan 275°C Nipta) Clon PACKAGE oo. oss cc cca due ce dea te ehs tases 730mW 
CAUTION: Absolute maximum ratings are limiting values, applied Package Power Dissipation Derating Factor Above +75°C 
individually beyond which the serviceability of the circuit may be impaired. Ceramic DIP Package ..........0ceececesseneceses 7.4mW/°C 
Functional operability under any of these conditions is not necessarily Ceramic LCC Package ..........sssecscccceseaess 13.5mW/°C 
implied. teint CorrPorknne- -~---. ae cca ee ce tenets 7.3mW/°C 


Recommended Operating Conditions 


Operating Temperature Range ............... -55°C to+125°C = Vincm < 1/2 (V+ - V-) 
Dernier Scippny WONG co.cc ssecccrcccesuccceescrse ss +15V RL > 2k 


TABLE 1. D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 
Device Tested at: Supply Voltage = +15V, RSOURCE = 100, RLOAD = 500kN, VouT = OV, Unless Otherwise Specified. 


GROUP A 2510/883 | HA-2512/883 


SUBGROUP | TEMPERATURE —- 


UNITS 


OP AMPs & 
COMPARATORS 


Input Offset 


Voltage ps8 = 
+1250C, -559C | -10. 


Vom = OV 


+Rs = 100kN. 
+Rs = 1002 
-~400 


-Rg = 100kN +125°C, -550C 


Input Offset Vom = OV +250 
Current +Rgs = 100k. 
-Rs = 100kN 


== [= 


-10 


Large Signal VoutT = OV and +10V 


Voltage Gain Ru = 2k = 


Vout = OV and -10V 
Ry = 2k. 


+125°C, -55°C 10 


Common Mode AVcM = +10V 

Rejection Ratio +V = +5V 
-V=-25V +1259C, -55°9C 
Vout = -10V 


AVcm = -10V +25°9C 

+V = +25V 

-V=-5V 1 2506, -55°C 
VouT = +10V 


i) al 
Wii els 
aa fal 


CAUTION: This device is sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 


Kft f 
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TABLE 1. D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 
Device Tested at: Supply Voltage = +15V, RSOURCE = 1002, RLOAD = 500kN, VouT = OV, Unless Otherwise Specified. 


D.c HA-2510/883 
PARAMETERS |SYMBOL CONDITIONS 


TEMPERATURE MIN | 
Output Voltage 


+VouT | RL=2k9 +25°9C 


ae 
Output Current +lOuT VouT = -10V eer Sw: Se 
Tout [vour=vv [4 | vase] - [v0 
toc | Vour=0Vv cc eee eee 
vaso [6 | - 
vaso | oo | 
2,3 +1259C, -559C | 80 
2,3 +1259C, -559C  [Vip-1 
+1259C, -559C  [Vip+1 
TABLE 2. A.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 


HA-2512/88 


w 


GROUP A 
SUBGROUP 


NITS 


Cc 


—_ 
je 


+25°9C 


ey 
cea 


.?) 


-10 


< 
2) 
Cc 
per) 
Be 
re 
Il 
Nm 
x 
~ 


©) 


~“ 
Ol 


PPP rir; ri ri >it > 


=f.0 


Quiescent Power 
Supply Current 


7 


louT = OmA 


AVsup = 10V 
+V = +20V, -V = -15V 
+V = +10V, -V = -15V 


Power Supply 
Rejection Ratio 


< 


=e 
74 
74 
74 
74 


AA 


<i|<c}j<ci< 


Offset Voltage 
Adjustment 


< 


<= li< 


|< 
oO 
abe 


+1259C, -559 -75 
+PSRR rae El 
aioaa | Niet Se ee 


Ey 


os 
fe 
ER 


Device Tested at: Supply Voltage = +15V, RggurRCcE = 502, RLoap = 2kQ, CLOAD = 50pF, Ayci = +1V/V, 


Unless Otherwise Specified. 
HA-2510/883 
SUBGROUP 


HA-2512/883 


GROUP A 


TEMPERATURE UNITS 


V/s 
V/us 


VouT = 0 to -200mV 
10% < TF < 90% 


</< 
= it 
@1G 


— rac 
Slew Rate +SR Vout = -5V to +5V +25°C Neo. ft 
eT oe 
VOUT = +5V to -5V +259C oer 
Badin ae oe SE oS 

Rise & Fall Time Vout = 0 to +200mv +250C asm 

10% <TR < 90% 

+1250C, -550C = 

iii = 
Overshoot +O0S | Voyt=0to +200mV ina Ge 
ee ee 
VouT = 0 to -200mV +2500 =| - =| 40 | 
a ae 
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TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 
Device Characterized at: Supply Voltage = +15V, RLOAD = 2k2, CLOAD = 5OpF, Unless Otherwise Specified. 


Differential Input 
Resistance 


Full Power 
Bandwidth 


Minimum Closed 
Loop Stable Gain 


Quiescent Power 
Consumption 


NOTES: 1. Parameters listed in Table 3 are controlled via design or process parameters and are not directly tested at final production. These parameters are 
lab characterized upon initial design release, or upon design changes. These parameters are guaranteed by characterization based upon data 
from multiple production runs which reflect lot to lot and within lot variation. 


2. Full Power Bandwidth guarantee based on Slew Rate measurement using FPBW = Siew Rate/(2nVpe ax). 


3. Quiescent Power Consumption based upon Quiescent Supply Current test maximum. (No load on outputs.) os 2 
Oo 

4. Offset adjustment range is [ Vig(Measured) + 1MV ] minimum referred to output. hg Z. 
This test is for functionality only to assure adjustment through OV. ea 
<t 

= 

%5 

O 


TABLE 4. ELECTRICAL TEST REQUIREMENTS 


MIL-STD-883 TEST REQUIREMENTS SUBGROUPS (SEE TABLES 1 & 2) 


3 
oe | oaaiibe 


* PDA applies to Subgroup 1 only. 


The Subgroup assignments of the parameters in these tables were patterned 
after Mil-M-38510/122, device type 05. 
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Test Circuit (Applies to Tables 1 and 2) 


* INCLUDES STRAY 


CAPACITANCES o V1 
100K 61 OPEN SOpF* FOR LOOP STABILITY, 
5 a A USE MIN VALUE CAPACITO 
3. TO PREVENT OSCILLATION 
S1 50K 
OPEN 20 1 SSA . Le 
S5B 1 
OPEN 9S9 > a 
$2 RS 1 S6 S8 ¢ S 
OPEN 20 ; icles SRE he | ae ©, V BUFFER 
100K 2 s3B EL) 
1° ° 2K 10K 
100 oD ee ne OF 43 - VEE 
50 , 
ia b Pen 
5K 
52 
S84 
50K ALL RESISTORS = + 1% (2) 


ALL CAPACITORS = + 10% ( /F) 


For Detailed Information, Refer to HA-2510/883; HA-2512/883 Test Tech Brief 


Test Waveforms 
SIMPLIFIED TEST CIRCUIT (Applies to Table 2) 


+ TSV 


INPUT OUTPUT 


50Q 


v 


SLEW RATE WAVEFORM TRANSIENT RESPONSE WAVEFORM 


- 15V 


+5V +200mV Sf: OV 
INPUT INPUT 


OVERSHOOT 


90% — 
OUTPUT 


eel }— RISE TIME 


NOTE: Measured on both positive and negative transitions. 
Capacitance at Compensation pin should be minimized. 
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OV -200mV 


HA-2510/883 HA-2512/883 


Burn-In Circuits 


HA7-2510/883 CERAMIC MINI-DIP 
HA7-2512/883 CERAMIC MINI-DIP 


HA4-2512/883 CERAMIC LCC 


OP AMPs & 
COMPARATORS 


HA2-2510/883 (TO-99) METAL CAN 
HA2-2512/883 (TO-99) METAL CAN 


V+ 


NOTES: 

Ry = 1MQ, +5%, 1/4W (Min) 
Cy = Co = 0.01yF/Socket (Min) or 0.1F/Row (Min) 
Cg = 0.01pF/Socket (10%) 

Dy = Do = IN4002 or Equivalent/Board 

| (V+) - (V-) | = 30V 
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HA-2510/883 HA-2512/883 


Schematic Diagram 


OFFSET OFFSET 
e e 


R6 R9 
Q1 R5 200 | 200 R8& 
200 200 
R7 | R10 
1.8K | 1.8K 


Q39 2 
68K 


gor 
1.68K 1. 
R26 
ee ee 
a pele 3] 
Q33 Q31 


O v+ 


R13 
30 
J OUTPUT 


R14 
30 


Q18 


Q19 
R19 
6.3K 
Q20 


R16 
1.48K 


Q21 

R18 R17 R15 

1.48K 1.48K 740 
V- 


INPUT - @ 
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HA-2510/883 HA2512/883 


Die Characteristics 


DIE DIMENSIONS: GLASSIVATION: 
65 x 57 x 19 mils Type: Nitride 
(1660 x 1950 x 483 pm) Thickness: 7kA + 0.7kA 
METALLIZATION: TRANSISTOR COUNT: 
Type: Aluminum HA-2510/883: 40 
Thickness: 16kA + 2kA HA-2512/883: 40 
WORST CASE CURRENT DENSITY: PROCESS: Std. Linear Bipolar Dielectric Isolation 
0.3 x 10°A/em2 DIE ATTACH: 
SUBSTRATE POTENTIAL (Powered Up): Material: Gold/Silicon Eutectic Alloy 
Unbiased Temperature: Ceramic DIP — 460°C (Max) 


Ceramic LCC — 420°C (Max) 
Metal Can — 420°C (Max) 


Metallization Mask Layout 
HA-2510/883 HA-2512/883 


V+ OUT BAL 


OP AMPs & 
COMPARATORS 


COMP 


NOTE: Pin Numbers Correspond to 8 Lead Metal Can and Ceramic Mini-DIP Packages Only. 
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HA-2510/883 HA-2512/883 


Packaging * 
8 PIN CERAMIC DIP 


oe LEAD MATERIAL: Type B 
et cae tS LEAD FINISH: Type A 
PACKAGE MATERIAL: Ceramic, 90% Alumina 
PACKAGE SEAL: 
Material: Glass Frit 
Temperature: 450°C + 10°C 
; Method: Furnace Seal 
©” INTERNAL LEAD WIRE: 


-290 
SO 


~“L__ .008* 
ae 015 * Material: Aluminum 
Diameter: 1.25 Mil 
.050 * * INCREASE MAX LIMIT BY .003 INCHES Bonding Method: Ultrasonic 
“065 SAGE Ee OF FLAT FOR _ GOMPRIANT- OUTLINE: 38510.0-4 


-065 SOLDER FINISH 


20 PAD CERAMIC LCC 


PAD MATERIAL: Type C 
PAD FINISH: Type A 
FINISH DIMENSION: Type A 
PACKAGE MATERIAL: Ceramic, 90% Alp03 
PACKAGE SEAL: 
Material: Gold/Tin (80/20) 
Temperature: 320°C + 10°C 
Method: Furnace Braze 
INTERNAL LEAD WIRE: 
Material: Aluminum 
Diameter: 1.25 Mil 
Bonding Method: Ultrasonic 
COMPLIANT OUTLINE: 38510 C-2 


8 PIN TO-99 METAL CAN 


505 


560 LEAD MATERIAL: Type A 


LEAD FINISH: Type C 
2016 PACKAGE MATERIAL: Kovar Header with 
019 027, Nickel Can 
PACKAGE SEAL: 
Material: No Seal Material 
Temperature: Room Temperature 
Method: Resistance Weld 
INTERNAL LEAD WIRE: 
Material: Aluminum 
Diameter: 1.25 Mil 
Bonding Method: Ultrasonic Bonded 
COMPLIANT OUTLINE: 38510 A-1 


010 
045 


335 321 
370 .325 


ae 


*Dimension Maximum Limits Are Increased by 0.003 inches for Solder Dip Finish 


210 


NOTE: All Dimensions are , Dimensions are in inches. t Mil-M-38510 Compliant Materials, Finishes, and Dimensions. 
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| HARRIS HA-2510 
HA-2512 


DESIGN INFORMATION High Slew Rate 
| Operational Amplifiers 


The intormation contained in this section has been developed through characterization by Harris Semiconductor and is for 
use as application and design aid only. These characteristics are not 100% tested and no product guarantee is implied. 


Typical Performance Curves Unless Otherwise Specified: Ta = +25°C, VgupPLy = £15V 


INPUT BIAS AND OFFSET CURRENT vs. TEMPERATURE OPEN LOOP VOLTAGE GAIN vs. TEMPERATURE 


VsuppLy = + 20V 
VSUPPLY = + 15V 
80 L f VSUPPLY = + 10V 


GAIN - dB 


CURRENT - nA 


+25 = +50 
TEMPERATURE °C 


+75 + =+100 


+125 


OP AMPs & 
COMPARATORS 


50. -25 0 +25 +50 +75 +100 +125 0-25 


TEMPERATURE eC 


NORMALIZED A.C. PARAMETERS vs. 
EQUIVALENT INPUT NOISE vs. BANDWIDTH SUPPLY VOLTAGE @ +25°C 


100 


n” 
Cc 
2 e < 
2 KS 
nS = w 
2 10 < 5 
o e865. ee ee SS 8 8 ee A a es cn 
re ee 
| 

= 0 SOURCE RESISTANCE ae atiegs So 
a Pr. <c 
— TL a = Ww 
5 ail ae 
= a 527 came mae —cenenr S cc 
3 ptt bt oe 


sae Se tinal mati 


100Hz 1kHz 10kHz 100kHz 1MHz SUPPLY VOLTAGE 
UPPER 3dB FREQUENCY LOWER 3dB FREQUENCY - 10Hz 


+10V +15V +20V 


NORMALIZED A.C. PARAMETERS vs. TEMPERATURE OUTPUT VOLTAGE SWING vs. FREQUENCY @ +25°9C 


ee SLEW RATE 


35 


hes 


1.0 25 


| | Vguppty= +15V_ | rata 


Le 

=> o 

225 .g 

ZS HE oy oN 

ar 4 ow 

rr | * <= N 

Nw “6 

2 <s 15 

su (08 == Vsuppty = +10V) | | {11 Baill 
S ETSI 


10 


CTI TMIN, FCT 
LTT TIME Dat 


TEMPERATURE oC 10K 100K 1MEG 10MEG 
FREQUENCY Hz 


0.8 
55720 ~25 0 +25 = +50 +76 «=«+100 +125 
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HA-2510 HA-2512 


DESIGN IN FORMATION (Continued) 


The information contained in this section has been developed through characterization by Harris Semiconductor and is for 
usé as application and design aid only. These characteristics are not 100% tested and no product guarantee is implied. 


Typical Performance Curves unless Otherwise Specified: Ta = +25°C, Vsyppy = £15V 


OPEN LOOP FREQUENCY RESPONSE FOR 
VARIOUS VALUES OF CAPACITORS FROM 
COMPENSATION PIN TO GROUND POWER SUPPLY CURRENT vs. TEMPERATURE 


ee HL 
oo St || rT 
Baa ee Sn, Se ait 


Slilimg: See tac ce UT 
BUIESHilimss Sse ne en 
CTT TTS SSeS SSE ts Il 
0 (AT is nee se, alll 


10 100 1K 10K 100K 1M 10M 100M 
FREQUENCY HZ 


120 


100 


VsupPLy = + 
VSuPPLY = +15V 


OPEN LOOP VOLTAGE GAIN dB 


VSUPPLY = +10V 


CURRENT - mA 


NOTE: External compensation components are not required for ¢ 
stability, but may be added to reduce bandwidth if desired. -50 -25 0 +25 +50 +75 +100 +125 


TEMPERATURE °C 


OPEN LOOP GAIN AND PHASE RESPONSE 
vs. FREQUENCY SUGGESTED Vos ADJUSTMENT 


V+ 0 


sim ot 
CHa 
LTE TUTE TUTTE TTT TTT PRON TTT 
CTL Tone cn 


10 100 1K 10K 100K 1M 10M 100M 
FREQUENCY Hz 


PHASE ANGLE 


OPEN LOOP VOLTAGE GAIN dB 


Tested Offset Adjustment is | Vos + 1mv| 
Minimum Referred to Output. 
Typical Range is +8mV for Rr = 20kn 


INPUT NOISE DENSITY vs. FREQUENCY 


q Ht ? 
~ ~ 
2100 10 
Ww Sco 8 eee, _ ~ a . S22 0 ee ee ee ee wee ee seo od 
9g 061) on oo Re — ttt ttt ee mm e 
=tHt Same ir © 

4 INPUT NOISE VOLTAGE ii i Pest + rn «=—CoS 
f os Ra.-- en ae “4 
” 

: Cr Tit : 
2 10 a et SSS oo ee Se SS Oe SS 6 6 6 ES OS SS OS oe 2 eS Ge Ge Oe os © 8 GS GE ee eer es ee 1 2 
5 a 5 
a ey saciid aac aes SS ao RSE CE ee Oe a 
z tt z 


Tene a 


ode’ 
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HA-2510 HA-2512 


DESIGN INFORMATION (continuea) 


The information contained in this section has been developed through characterization by Harris Semiconductor and is for use 
as application and design aid only. These characteristics are not 100% tested and no product guarantee is implied. 


TYPICAL PERFORMANCE CHARACTERISTICS 


Device Characterized at: Vs = +15V, RL = 2K, C_ = SOpF, Unless Otherwise Specified. 


UNITS 


uV/OC 


HA-2510 | HA-2512 DESIGN 
PARAMETERS CONDITIONS TEMP TYPICAL | TYPICAL LIMIT 


Table 1 


Table 3 


Table 1 


Large Signal Voltage Gain +25°9C 
ea 
Boe 
Lael 
| #25°C_| 


Table 1 


Table 1 


= 
Le) 


— 
Le) 


Table 2 


Settling Time +25°9C 


Minimum Supply Voltage Functional Operation Only +25°C 
Other Parameters Will Vary 


V/s 


H 
b 


+4 


MQ 
kV/V 
MHz 
MHz 
mA 
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COMPARATORS 


HA-2520/883 
HA-2522/883 


Uncompensated, High Slew Rate 
Operational Amplifiers 


FARRIS 


a 


January 1989 


Features 


¢ This Circuit is Processed in Accordance to Mil-Std- 
883 and is Fully Conformant Under the Provisions of 
Paragraph 1.2.1. 


¢ High Slew Rate (HA-2520/883)......... 100V/us Min 
120V/us Typ 


¢ Wide Power Bandwidth (HA-2520/883).... 1.5MHz Min 
¢ Wide Gain Bandwidth (HA-2520/883) ....10MHz Min 


20MHz Typ 

° High Input Impedance (HA-2520/883).... 50MQ Min 
100MQ Typ 

¢ Low Offset Current (HA-2520/883)........ 25nA Min 
10nA Typ 

¢ Fast Settling (0.1% of 10V Step).......... 200ns Typ 
¢ Low Quiescent Supply Current............ 6mA Max 


Applications 

e Data Acquisition Systems 
eR. F. Amplifiers 

® Video Amplifiers 

¢ Signal Generators 


e Pulse Amplifiers 


Description 


The HA-2520/883 and HA-2522/883 are monolithic 
operational amplifiers which deliver an unsurpassed 
combination of specifications for slew rate, bandwidth and 
settling time. These dielectrically isolated amplifiers are 
designed for closed loop gains of 3 or greater without 
external compensation. In addition, these high performance 
components also provide low offset current and high input 
impedance. 


The 100V/ys (min) slew rate (80V/us for HA-2522/883) and 
fast settling time of these amplifiers make them ideal com- 
ponents for pulse amplification and data acquisition 
designs. To insure compliance with slew rate and transient 
response specifications, all devices are 100% tested for 
A.C. performance characteristics over full temperature. 
These devices are valuable components for R. F. and 
video circuitry requiring wideband operation. For accurate 
Signai conditioning designs, the HA-2520/883’s superior 
dynamic specifications are complemented by 25nA 
(max) offset current (50nA for HA-2522/883) and offset 
voltage trim capability. 


The HA-2520/883 and HA-2522/883 are available as 
MIL-STD-883 compliant devices screened to class B level. 
These devices are sensitive to electrostatic discharge and 
are in microcircuit group number 49 (see MIL-M-38510, 
Appendix E). The HA-2520/883 and HA-2522/883 have 
guaranteed operation over the military temperature range 
from -55°C to +125°C and are available in TO-99 Metal 
Can and Ceramic Mini-DIP packages. The HA-2522/883 is 
also available in a 20 pin LCC package. 


Pinouts 

HA7-2520/883 (CERAMIC MINI-DIP) 

HA7~-2522/883 (CERAMIC MINI-DIP) 
TOP VIEW 


HA4-2522/883 (CERAMIC LCC) 
TOP VIEW 


HA2-2520/883 (METAL CAN) 
HA2-2522/883 (METAL CAN) 
TOP VIEW 


NC 
| V+ 
NC 
OUT 
NC 
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Specifications HA-2520/883 HA-2522/883 


Absolute Maximum Ratings 


Thermal Information 


Voltage Between V+ and V- Terminals. ............2seeeeees 40V ‘Thermal Resistance Sia Bic 
Differential Input Voltage... .. 2... ccc cece cect eee e eee eeee 15V Carainilt DIP PaCKage - oe. cece 140°C/W 65°C/W 
Voltage at Either Input Terminal ...........+-2eeeeeeeee V+ to V- Ceramic LCC Package .............0.. 76°C/W 26°C/W 
Peak Output Current...5... 6c cece cece decccvanstecncaiias 50mA Metal Can Package ........-..-eeeeves 148°9C/W  45°C/W 
Junction Temperature (Ty) 2.0... cece cece eee e eee eenes +175°C Package Power Dissipation Limit at +75°C for Ty < +175°C 
Storage Temperature Range ...........--+-+: -65°C to +150°C Ceramic DIP Package i 5.i sax «5:35 40 wna tiee se b onanbet> 710mW 
ESD-Raliig cies cies cere tir eet core eee Tees < 2000V Ceramic LCC Package «2 ui. .cccccccccscccecbsvccscensay 1.3W 
Lead Temperature (Soldering 10 S€C)..........-e seen eee 275°C Metal Can Package ....scccccnedccccscccsemecvcescs 670mW 
CAUTION: Absolute maximum ratings are limiting values, applied Package Power Dissipation Derating Factor Above +75°C 
individually beyond which the serviceability of the circuit may be impaired. Ceramic DIP Package ......---.-sseeeeeeeees tenes 7.AmW/°C 
Functional operability under any of these conditions is not necessarily Ceramic LCC Package .........eeeeeeeeeeeceeees 13.1mW/°C 
implied. Metal CENT PACKEOO ooo sco w cc co dccec ccc ccebe gees 6.7mMW/°C 
Recommended Operating Conditions 

Operating Temperature Range ..............- -55°C to+125°C 3=— ViNcm < 1/2 (V+ - V-) 

Operating Supply Voltage .........- eee eee e eee eee ees +15V RL > 2k 


TABLE 1. D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 


Device Tested at: Supply Voltage = +15V, RSOURCE = 1002, RLOAD = 500kN, VouT = OV, Unless Otherwise Specified. 


D.C. 
PARAMETERS | SYMBOL CONDITIONS 
Input Offset Vom = OV 


Voltage 

Vom = OV 
+Rg = 100kN. 
-Rs = 100 


Vom = OV 
+Rs = 1002 
-Rg = 100kN. 


Input Offset 
Current 


Vom = OV 
+Rgs = 100kN. 
-Rg = 100kN. 


Common Mode 
Range 


V+ = 25V 
V- =-5V 


Large Signal 
Voltage Gain 


Vout = OV and +10V 
Re = 2k 


Vout = OV and -10V 
Ru = 2kN. 


Common Mode 
Rejection Ratio 


AVcM = +10V 
+V = +5V 
-V =-25V 
Vout = -10V 


AVcom = -10V 
+V = +25V 
-V=-5V 
Vout = +10V 


GROUP A 
SUBGROUP 


18 anos! Oe aas0 034 
race 


HA-2522/883 


-2520/883 


TEMPERATURE UNITS 


+25°9C 


3 
< 


3 
< 


+1259C, -55°9C 


+25°C 


+125°C, -559C A 


+25°9C 


me 
> 


+25°9C 


=] 


=] = = 


a 
oO 


+125°C, -55°C +10 


a 

_ 
A 

—_ 


+25°9C 
+1259C, -55 


+25°9C 


“i 
. 


+1259C, -559C 


FS 


N 


+25°9C 


+1259C, -55°C 


3 


zx x 


CAUTION: This device is sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
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HA-2520/883 HA-2522/883 


TABLE 1. D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 
Device Tested at: Supply Voltage = +15V, RgourceE = 1000, RLOAD = 500k, VouT = OV, Unless Otherwise Specified. 


D.C. GROUP A 
PARAMETERS | SYMBOL CONDITIONS SUBGROUP | TEMPERATURE 


Laie 

a eee 
Output Current +loutT Vout = -10V cease SE a ee 

+lcoc Vout = OV 1 
Baha Fn ae 
3 
+V = +20V, -V =-15V 

+V = +10V, -V = -15V 


AVsup = 10V 

+V = +15V, -V =-20V 

+V = +15V, -V =-10V 
ona 
—h 


TABLE 2. A.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 
Device Tested at: Supply Voltage = +15V, Rsgurce = 50M, RLOAD = 2k, CLoap = 50pF, AyoL = +3V/V, 


Unless Otherwise Specified. 
GROUP A 
PARAMETERS | SYMBOL CONDITIONS SUBGROUP | TEMPERATURE 


HA-2520/883 | HA-2522/88 


i 


a 1Sin8 is 3 


NITS 


1 
Fe 
oi 


7.5 


+1250C, -550 
+25°C 
+1259C, -55°C | 


N 
a) 


i 


Quiescent Power 
Supply Current 


! 
N ie 
oi 


+25°C 
+1259C, -55°9C 
+25°9C 


Power Supply 
Rejection Ratio 


+1259C, -55°C 
+25°9C 


| 


Bb 
sis 
<|< 


+1259C, -55°9C 
+25°C Vv 

+1259C, -55°C 
+25°0C 


+1259C, -55°9C 


Offset Voltage 
Adjustment 


< 
. 


1O- 


= 

O 
+ 
—_ 


ale 
<{< 


S|< 
O 
at 
—_ | = 


Viot1 


= 
fe) 
x 


fe) 
i 
< 
9 


HA-2520/883 | HA-2522/88 


i] 
id 
ad 
~ 
© 
i 

z 

4 

” 


@ i) 


VouT = 0 to -200mV 
10% < TF < 90% 


8A, 8B +1259C, -559C 
8A, 8B +125°9C, -55°C 


Rise & Fall Time Vout = 0 to +200mV +250C 
Te | 
8A,8B | +1259C, -559C 
3-40 


= 
@ 


SiewRate = | 48 | VouT=-8Vt0 +5V 
8A, 8B +1259C, -55°9C 
10% <TR < 90% 
8A, 8B +1259C, -559C 
8A, 8B +125°C, -55°9C 


HA-2520/883 HA-2522/883 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


Device Characterized at: Supply Voltage = +15V, RLOAD = 2k, CLOAD = 50PpF, Ay > 3, Ccomp = OPF, Unless Otherwise Specified. 


PARAMETERS 


Differential Input 
Resistance 


Gain Bandwidth 
Product 


Minimum Closed CLSG Ry = 2kQ, Cy = 50pF 
Loop Stable Gain 

Quiescent Power PC Vout = OV, lout = OMA 1,3 -559C to +1259C 195 210 mW 
Consumption 


NOTES: 1. Parameters listed in Table 3 are controlled via design or process parameters and are not directly tested at final production. These parameters are 
lab characterized upon initial design release, or upon design changes. These parameters are guaranteed by characterization based upon data 
from multiple production runs which reflect lot to lot and within lot variation. 


2. Full Power Bandwidth guarantee based on Slew Rate measurement using FPBW = Slew Rate/(2nVpe ax). 
3. Quiescent Power Consumption based upon Quiescent Supply Current test maximum. (No load on outputs.) 


4. Offset adjustment range is [ Viq(Measured) + 1MV ] minimum referred to output. 
This test is for functionality only to assure adjustment through OV. 


TABLE 4. ELECTRICAL TEST REQUIREMENTS 


MIL-STD-883 TEST REQUIREMENTS SUBGROUPS (SEE TABLES 1 & 2) 


Final Electrical Test Parameters 1*, 2,3, 4, 5, 6, 7, 8A, 8B 
Group A Test Requirements 1, 2,3, 4, 5, 6, 7, 8A, 8B 


* PDA applies to Subgroup 1 only. 


The Subgroup assignments of the parameters in these tables were patterned 
after MIL-M-38510/122, device type O06. 
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COMPARATORS 


HA-2520/883 HA-2522/883 


Test Circuit (Applies to Tables 1 and 2) 


667 1.33K 


ACQuT 


Kre V1 
50pF* 


100K 91 OPEN a © NCLIDES Stnat FOR LOOP STABILITY, 
2 ie CAPACITANCES USE MIN VALUE CAPACITOR 
S3A TO PREVENT OSCILLATION 
ae j 50K 
OPEN 20 1 S5A ; > ey 
S5B 1 
s9 
so 1 1 S6 j S38 Oren. re 
eee ig VJ Y, 
OPEN 20 - OPEN 3 : a BUFFER 
100K 2 S3B @ 
1¢ , 2K 10K 
100 ico. 0.1 | 1 -VEE 
Eout 
\/ \/ o “3 
Si 42 94 
pha 71 ALL RESISTORS = + 1% (2) 


ALL CAPACITORS = + 10% ( /F) 


For Detailed information, Refer to HA-2520/883; HA-2522/883 Test Tech Brief 


Test Waveforms 


SIMPLIFIED TEST CIRCUIT (Applies to Table 2) 


SLEW RATE WAVEFORM TRANSIENT RESPONSE WAVEFORM 
+1.67V +67mV 0 
INPUT INPUT 
-1.67V av -~67mV 
+5V - 
OVERSHOOT 
OUTPUT +200mv — — ee ates 
Seale 90% — 
a OUTPUT 


10% 


] 
| 
l 
OV l 


seared |—— RISE TIME 


NOTE: Measured on both positive and negative transitions. 
Capacitance at Compensation pin should be minimized. 
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HA-2520/883 HA-2522/883 


Burn-In Circuits 


HA7-2520/883 CERAMIC MINI-DIP 
HA7-2522/883 CERAMIC MINI-DIP 


HA4-2522/883 CERAMIC LCC 


OP AMPs & 
COMPARATORS 


HA2-2520/883 (TO-99) METAL CAN 
HA2-2522/883 (TO-99) METAL CAN 


V+ 


NOTES: 

Ry = 1MQ, +5%, 1/4W (Min) 
C3 = Co = 0.01pF/Socket (Min) or 0.1 )F/Row (Min) 
Cy = 0.01pF (+10%)/Socket 

Dy = Do = IN4002 or Equivalent/Board 
| (V+) - (V-) |= 30V 
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HA-2520/883 HA-2522/883 


Schematic Diagram 


R10 
740 
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HA-2520/883 HA2522/883 


Die Characteristics 


DIE DIMENSIONS: GLASSIVATION: 
65 x 50 x 19 mils Type: Nitride 
(1660 x 1270 x 483 pm) Thickness: 7kA + 0.7kA 
METALLIZATION: TRANSISTOR COUNT: 
Type: Aluminum HA-2520/883: 40 
Thickness: 16kA + 2kA HA-2522/883: 40 
WORST CASE CURRENT DENSITY: PROCESS: Std. Linear Bipolar Dielectric Isolation 
0.79 x 10°A/cm2 @ 10mA DIE ATTACH: 
SUBSTRATE POTENTIAL (Powered Up): Material: Gold/Silicon Eutectic Alloy 
Unbiased Temperature: Ceramic Mini-DIP — 460°C (Max) 


Ceramic LCC — 420°0C (Max) 
Metal Can — 420°C (Max) 


Metallization Mask Layout 
HA-2520/883 HA-2522/883 


V+ OUT BAL 


COMP 


BAL : | -IN +N 


NOTE: Pin Numbers Correspond to 8 Lead Metal Can and Ceramic Mini-DIP Package Only. 


OP AMPs & 
COMPARATORS 


HA-2520/883 HA-2522/883 


Packaging * 
8 PIN CERAMIC DIP 


LEAD MATERIAL: Type B 
es pee E> LEAD FINISH: Type A 
PACKAGE MATERIAL: Ceramic, 90% Alumina 
PACKAGE SEAL: 
Material: Glass Frit 
Temperature: 450°C + 10°C 
Method: Furnace Seal 


310 
LO" INTERNAL LEAD WIRE: 
~~ .008 * : 
a “015, es Material: Aluminum 
Diameter: 1.25 Mii 
ts02 « INCREASE MAX LIMIT BY .003 INCHES Bonding Method: Ultrasonic 
seine MEASURED AT CENTER OF FLAT FOR COMPLIANT OUTLINE: 38510 D-4 


-065 SOLDER FINISH 


20 PAD CERAMIC LCC 


PAD MATERIAL: Type C 
PAD FINISH: Type A 
FINISH DIMENSION: Type A 
PACKAGE MATERIAL: Multilayer Ceramic, 
90% Alo02 
PACKAGE SEAL: 
Material: Gold/Tin (80/20) 
Temperature: 320°C + 10°C 
Method: Furnace Braze 
INTERNAL LEAD WIRE: 
Material: Aluminum 
Diameter: 1.25 Mil 
Bonding Method: Ultrasonic 
COMPLIANT OUTLINE: 38510 C-2 


8 PIN TO-99 METAL CAN 


LEAD MATERIAL: Type A 
LEAD FINISH: Type C 
PACKAGE MATERIAL: Kovar Header with 
Nickel Can 
PACKAGE SEAL: 
Material: No Seal Material 
Temperature: Room Temperature 
Method: Resistance Weld 
INTERNAL LEAD WIRE: 
Material: Aluminum 
Diameter: 1.25 Mil 
Bonding Method: Ultrasonic Bonded 
*Dimension Maximum Limits Are Increased by 0.003 inches for Solder Dip Finish COMPLIANT OUTLINE: 38510 A-1 


335 = .321 


370 .325 
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NOTE: All Dimensions are “ae , Dimensions are in inches. t Mil-M-38510 Compliant Materials, Finishes, and Dimensions. 
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i HARRIS HA-2520 
HA-2522 


DESIGN INFORMATION - Uncompensated, High Slew Rate 
Operational Amplifiers 


The information contained in this section has been developed through characterization by Harris Semiconductor and is for 
use as application and design aid only. These characteristics are not 100% tested and no product guarantee is implied. 


Typical Performance Curves unless Otherwise Specified: Ta = +25°C, +VsupPLy = +15V 
INPUT BIAS AND OFFSET CURRENT vs. TEMPERATURE EQUIVALENT INPUT NOISE vs. BANDWIDTH 


hee ; 
80 BIAS CURRENT = 
iJ} 
RE aace, : 
ee sual oraad : 
re Ae ie 2 0 SOURCE RESISTANCE 
S 40 = te 
Fx | 
x 
< ” 
20 g & 5 
g fem 
zi 
aS 
-20 ° Oo 
“55/50 -25 O +25 +50 +75 +100 +125 9° 
pera 1kHz 10kHz 100kHz 1MHz 
TEMPERATURE °C 
UPPER 3dB FREQUENCY LOWER 3dB FREQUENCY - 10Hz 
NORMALIZED A.C. PARAMETERS vs. TEMPERATURE OPEN-LOOP FREQUENCY AND PHASE RESPONSE 


Sa RS AM AIIIMAITIMHIAIMAII 
tite LI sie la tet 
cette a at a al 
CTT TET CUI ttm. Pr 
Sg i, 
CUT TI TMT TT CTE Te UT 
LTTE CT CIT I CT TTT AS 


10 100 1K 10K 100K 1M 10M 100M 
FREQUENCY Hz 


300 


1200 


PHASE ANGLE 


150° 


+ 250C 
OPEN LOOP VOLTAGE GAIN dB 


1800 


NORMALIZED PARAMETERS 
REFERRED TO VALUES AT 


0.7 “S5l-50. -25 0 +25 +50 +75 +100 +125 


TEMPERATURE °C 
OPEN-LOOP FREQUENCY RESPONSE FOR 
NORMALIZED A.C. PARAMETERS vs. VARIOUS VALUES OF CAPACITORS FROM 
SUPPLY VOLTAGE @ +25°C BANDWIDTH CONTROL PIN TO GROUND 


* TT oo 
a bei ES TT 

a Soe: PE 
CTT SSS Se 

| TTI sooo 711] SSS SSS =e Bain, TI Balllll 
CTC Tse SS a Ul 
TOR CLS ‘apse: alll 


10 100 1K 10K 100K 1M 10M 100M 
FREQUENCY HZ 


120 


40 


+15V 
OPEN LOOP VOLTAGE GAIN dB 


NORMALIZED PARAMETERS 
REFERRED TO VALUES AT 


SUPPLY VOLTAGE 
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HA-2520 HA-2522 


DESIGN INFORMATION (continuea) 


The information contained in this section has been developed through characterization by Harris Semiconductor and is for 


use as application and design aid only. These characteristics are not 100% tested and no product guarantee is implied. 


Typical Performance Curves unless Otherwise Specified: Ta = +25°C, +Vsyppry = +15V 


OPEN-LOOP VOLTAGE GAIN vs. TEMPERATURE 


GAIN - dB 
a 


-25 0 +25 +50 
TEMPERATURE °C 


+75 = +100 = +125 


POWER SUPPLY CURRENT vs. TEMPERATURE 


V SUPPLY = +20V 


V SUPPLY = +15V 
V SUPPLY = +10V 


CURRENT - mA 


-55'-50 -25 0 +25 +50 +75 +100 


TEMPERATURE °C 


+125 


POWER SUPPLY REJECTION RATIO vs. FREQUENCY 


120 


~on SSS 

& = SR aiiilll LTS on SUPPLY BE i 

> ool 1 TU TTT TSS ia 

ge | Il POSITIVE SUPPLY TSS Ne en 

ee LU OO 
c 


Con Con Conn rn 
PLT TTT PTE 
ee 
100kHz 1kHz 10kHz 100kHz 1MHz 
FREQUENCY - Hz 


OUTPUT VOLTAGE SWING vs. FREQUENCY @ +25°C 


35 


V SUPPLY= +15V anii|| 


HN | 


CA UT 
Baill a 
ee aa 


PEAK - TO - PEAK 
VOLTAGE SWING 


V one +10V 
tt 


Hl BULA EL 
LIME VIM LTTE LTA | HI 


10K 100K 1MEG 10MEG 
FREQUENCY Hz 


VOLTAGE FOLLOWER PULSE RESPONSE 


Ri = 2KQ, Cy = 50pF, 
Upper Trace: Input; 1.67V/Div. 
Lower Trace: Output; 5V/Div. 


Horizontal = 100ns/Div. 
Ta = +25°C, Vs = +15V 


ll 


~~ mens i on a 
ee SR oth 
SSS 


TT 


ees 
INPUT NOISE VOLTAGE = oe eH as 


INPUT NOISE VOLTAGE (nV /\V/Hz) 
rs) 


yal Sr age 
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INPUT NOISE CURRENT (pA /\/Hz) 


HA-2520 HA-2522 


DESIGN INFORMATION (continued) 


The information contained in this section has been developed through characterization by Harris Semiconductor and is for use 
as application and design aid only. These characteristics are not 100% tested and no product guarantee is implied. 


TYPICAL PERFORMANCE CHARACTERISTICS 
Device Characterized at: Vg = +15V, RL = 2K, Cy = 50pF, Unless Otherwise Specified. 


PARAMETERS CONDITIONS TEMP 


Large Signal Voltage Gain 15 Pow | 
<a 
ier 

eee 


DESIGN 


LIMIT UNITS 


| Table 3 eM 3 | 


Table 1 


TYPICAL | TYPICAL 


) 


3 


= 
< 
Ze) 
.?) 


100 


—_ 


Oo 


5 


Table 1 


MOQ. 
kV/V 
mA 
Small Signal (< 200mV) 
cae. 
: 


Minimum Supply Voltage Functional Operation Only +25°0C +4 
Other Parameters Will Vary 


Suggested Vos Adjustment 


Table 2 


H 


Tested Offset Adjustment Range is IVos +1mV | minimum referred to output. Typical range is +20mV to -18mV with Rr = 20k. 
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OP AMPs & 
COMPARATORS 


i HARRIS 


HA-2529/883 


Uncompensated, High Slew Rate 


January 1989 High Output Current, Operational Amplifier 


Features 


e This Circuit is Processed in Accordance to Mil-Std- 
883 and is Fully Conformant Under the Provisions of 
Paragraph 1.2.1. 


e High Slew Rate 135V/us (Min) 


150V/us (Typ) 
+30mA (Min) 


15MHz (Min) 
20MHz (Typ) 


e High Output Current 
e High Gain-Bandwidth Product 


Description 


The HA-2529/883 is a monolithic operational amplifier 
which typifies excellence of design. With a design based on 
years of experience coupled with the reliable dielectric 
isolation process, these amplifiers provide an outstanding 
combination of D.C. and A.C. parameters at closed loop 
gains of 3 or greater without external compensation. 


The HA-2529/883 offers 135V/us (min) slew rate and fast 
settling time (200ns typ), while consuming a mere 6mA 
(max) quiescent supply current, making these amplifiers 


ideal components for video circuitry and data acquisition 
designs. With 15MHz minimum gain-bandwidth product 
combined with 7.5kV/V minimum open loop gain, the 
HA-2529/883 is an ideal component for demanding signal 
conditioning designs. These devices provide +30mA (min) 
output current drive with an output voltage swing of +10V 
(min), making then suited for pulse amplifier and R.F. ampli- 
fier components. 


¢ Wide Power Bandwidth................ 2.1MHz (Min) 


50M (Min) 
130M2 (Typ) 


25nA (Max) 
SnA (Typ) 


200ns (Typ) 
6mA (Max) 


¢ High Input Impedance 
e Low Offset Current 


¢ Fast Settling (10V Step to 0.1 %) 


HA-2529/883 will upgrade a system presently using the 
HA-2520/22/883 or EHA-2520/22/883 in regards to 
output current, slew rate, offset voltage drift, and offset 
current drift. To insure compliance with slew rate and 
transient response specifications, all devices are 100% 
tested for A.C. performance characteristics over full 
temperature. 


The HA-2529/883 is available as a MIL-STD-883 
compliant device screened to class B level. This device 
is sensitive to electrostatic discharge and is in 
microciruit group number 49 (see MIL-STD-38510, 
Appendix E). 


e Low Quiescent Supply Current 


Applications 

¢ Data Acquisition Systems 
e R.F. Amplifiers 

e Video Amplifiers 

¢ Signal Generators 


e Pulse Amplification 


The HA-2529/883 guarantees operation over the military 
temperature range from -55°9C to +1259C and is available 
in 8 pin Metal Can, Ceramic Mini-DIP or 20 pad Ceramic 
LCC packages. 


Pinouts 


HA7-2529/883 (CERAMIC MINI-DIP) 
TOP VIEW 


HA4-2529/883 (CERAMIC LCC) HA2-2529/883 (METAL CAN) 


TOP VIEW 
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Specifications HA-2529/883 


Absolute Maximum Ratings Thermal Information 

Voltage Between V+ and V- Terminals..........-2eeee eee eee 40V___ Thermal Resistance Bia Bic 
Differential input VOHAGO.<.cccesceet eres ewer eee cee cewees 15V Ceramic DIP Package ............e0005 140°C/W 65°C/W 
Voltage at Either Input Terminal ...........ecee ee eee eee V+ to V- Ceramic LCC Package ..........esee00- 74°C/W = 20°C/W 
Peak Output Current (10% Duty Cycle) ...........c cee eeee 90mA Motel Can Packoe: 3 fics gaeccke ccs 148°C/W 45°9C/W 
Junction Temperature (Ty) .....cccccccecccccecenescees +175°C Package Power Dissipation Limit at +75°C for Ty < +1759C 
Storage Temperature Range ...........eeeees -659C to +150°C CGPRT rr ONG 2 sks ccieinca ch a0 ev sannpiee mneeake 710mW 
ESD Rating... everimestre cere ecw ever errs < 2000V COPA ECC PGR AOOhs soc ie veccescvesstetucnceensscs 1.35W 
Lead Temperature (Soldering 10 S€C)....... cee eee e eee 275°C bo Re too TC ee A er ere ae eat 7 670mW 
CAUTION: Absolute maximum ratings are limiting values, applied Package Power Dissipation Derating Factor Above +75°C 
individually beyond which the serviceability of the circuit may be impaired. Ceramic DIP Package ........-eeeeeeeceeeeeeeeees 7.AmW/°C 
Functional operability under any of these conditions is not necessarily Ceramic LCC Package ........seecceccccecsneees 13.4mW/°C 
implied. MetalCanr race sass sori oc tes oe eee 6.7mW/°C 


Recommended Operating Conditions 


Operating Temperature Range ...........++6- -55°C to+125°C ~=9ViNcm < 1/2 (V+ - V-) 
Operating Supply Voltage ... 00... ccc ccc eect cece ee cnees +15V Ri > 500 


TABLE 1. D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 
Device Tested at: Supply Voltage = +15V, RSOURCE = 1002, RLOAD = 500k, VouT = OV, Unless Otherwise eae 


LIMI 
D.C. GROUP A puis | 
PARAMETERS SYMBOL ONDITIONS SUBGROUP TEMPERATURE 
Vom =0V 
+125°C, -55°C 


Vom =0V 
+Rgs = 100kn 

+25°9C 
Pe fs 


+125°C, -55°C 


UNITS 


3 
< 


Input Offset Voltage 


3 
< 
OP AMPs & 


COMPARATORS 


Input Bias Current 


3 
> 


> 


Vom = OV 
+Rs = 100N 
-Rs = 100kN. 


n 


=] 
> 


= 


=, 
> 


Input Offset Current Vom =0V 
+Rg = 100k 


-Rs = 100k 


> 


a 
nm 
Oo 

[) 
1?) 


Common Mode Range 


a 
oO 


Large Signal Voltage Gain Vout = OV and +10V kV, 


RL = 2k 


E 


+125°C, -55°C kV/V 
Ryu = 2k 
+125°C, -55°C kV/V 


Common Mode Rejection AVcm = +10V 


Ratio +V =+5V 
-V=-25V +1259C, -55°9C 
VOUT = -10V 


+ 
nN 
oO 
[e) 
ar 


+1259C, -55°9C 


CAUTION: This device is sensitive to electrostatic discharge. Proper |.C. handling procedures should be followed. 
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HA-2529/883 


TABLE 1. D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 
Device Tested at: Supply Voltage = +15V, RSQURCE = 1002, RLOAD = 500k, Voyrt = OV, Unless Otherwise Specified. 


D.C. PARAMETERS 


-PSRR 
+ViQAdi 


TABLE 2. A.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 


LIMITS 
GROUP A 


SUBGROUP 


TEMPERATURE UNITS 


Output Voltage Swing +25°9C 


at 
oO 


+1259C, -55°C 


I 
= 


+25°9C ¢) 


+1259C, -55°C -10 


Output Current +25°9C 


$e) 


3 
> 


+1259C, -55°C 


3 
> 


+25°9C 


@ 
oO 
3 

> 


+1259C, -55°C 
+25°9C 
+1259C, -55°C 


Quiescent Power Supply 
Current 


> 


nm 


3 


> 


+25°9C 
2:3 +1259C, -55°9C - 
+25°9C 


N 
3 
> 


Power Supply Rejection 
Ratio 


AVsup = 10V 
+V = +10V, -V =-15V 
+V = +20V, -V =-15V 


313 fs 13 


4 


2,3 +125°C, -55°C 
+25°C 


AVsup = 10V 
+V = +15V, -V = -10V 
+V = + 15V, -V = -20V 


| +1259C, -55°C 


Offset Voltage Adjustment +25°C Vio-1 


+1259C, -55°9C 


3 
< 


Vio-1 


Note 4 +25°9C Vio+1 


Z 
< 


< 


+1259C, -559C Vio+1 


3 
< 


Device Tested at: Supply Voltage = +15V, RSOURCE = 502, RLoAD = 2k, CLOAD = 50PpF, AycL = +3V/V, 
Unless Otherwise Specified. 
GROUP A 


PARAMETERS SYMBOL CONDITIONS SUBGROUP | TEMPERATURE 
Slew Rate +SR | Vour=-sVio+5vV | 37 ~~ | ——-+250¢ 
8A,8B | +1250C,-550c | 12 


V6 
-SR VouT = +5V to-5V 7 +25°9C 
Yé 


LIMITS 


oa 


_ 
ie) 
oO 
f 
te 
17) 


8A, 8B +1259C, -55°9C 


8A, 8B +1259C, -55°9C 


8A, 8B +1259C, -559C 


Rise & Fall Time 


VouT = 0 to +200mV 
10% <TR < 90% 


VouT = 0 to -200mV 
10% < TF < 90% 


Overshoot +OS VouT = 0 to +200mV +25°C 


; 


8A, 8B +1250C, -55°C 


-OS VourT = 0 to -200mV +25°C 
8A, 8B +1259C, -55°0C 
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HA-2529/883 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 
Device Characterized at: Supply Voltage = +15V, RLOAD = 2kN, CLoaD = 5O0pF, Ccomp = OPF, Unless Otherwise Specified. 


LIMITS 
PARAMETERS SYMBOL NOTES TEMPERATURE 


Differential Input cm = OV +25°C 

Resistance 
Gain Bandwidth Product | GBWP | Vo=200mV,fg>10kHz| 1 i 
Full Power Bandwidth FPBW | VpEaK=10V 


Minimum Closed Loop | CLSG Ri = 2k, CL = 50pF -55°C to +125°C V/V 
Stable Gain 


Output Resistance ROUT Open Loop 


Vout = OV, lout = OmA 


NOTES: 1. Parameters listed in Table 3 are controlled via design or process parameters and are not directly tested at final production. These parameters are 
lab characterized upon initial design release, or upon design changes. These parameters are guaranteed by characterization based upon data 
from multiple production runs which reflect lot to lot and within lot variation. 


2. Full Power Bandwidth guarantee based on Slew Rate measurement using FPBW = Slew Rate/(2nVp_e ax). 
3. Power Consumption based upon Quiescent Supply Current test maximum. (No load on outputs.) 


4. Offset Adjustment Range is [ViQ (measured) +1MV] minimum referred to output. This test is for functionality only to assure adjustment 
through OV. 


TABLE 4. ELECTRICAL TEST REQUIREMENTS 


MIL-STD-883 TEST REQUIREMENTS SUBGROUPS (SEE TABLES 1 & 2) 


aS TY 


* PDA applies to Subgroup 1 only. 


The Subgroup assignments of the parameters in these tables were patterned 
after MIL-M-38510/122. 
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HA-2529/883 


Test Circuit (Applies to Tables 1 and 2) 


coals 1.33K 
ACQUT 
<< v1 
50pF* 
WW > ms a * INCLUDES STRAY FOR LOOP STABILITY, 
2 S3A CAPACITANCES USE MIN VALUE CAPACITOR 
TO PREVENT OSCILLATION 
S1 4 SOK 
S5B 1 
S21 1 S6 gg OPEN. S9 Bi 
e * : 2 
: 3 
os 2 OPEN T 92 = V V BUFFER 
100K 2 S3B ry 
"Et KS 10K 
100 100 OPEN VAC 0.1 11 z VEE 
. : E 
Vv V JL b OUT 
Fy 52 04 
01 
50K 


ALL RESISTORS = + 1% (QQ) 
ALL CAPACITORS = + 10% (JF) 


For Detailed Information, Refer to HA-2529/883 Test Tech Brief 


Test Waveforms 


SIMPLIFIED TEST CIRCUIT (Applies to Table 2) 


SLEW RATE WAVEFORM 
+1.67V 


TRANSIENT RESPONSE WAVEFORM 


+67mV 0 
INPUT INPUT 
-1.67V ov -67mV 
iV SSS 
90% OVERSHOOT 
OUTPUT AV +200my — — oy Renae te 
ee aa ee, 2 90% — 
AY | SLEW 
OUTPUT 
| =} RATE ees 
| ; AT | =AW/AT 10% 


| 
| 
| 
OV | 
—— sj; |+— _ RISE TIME 


NOTE: Measured on both positive and negative transitions. 
Capacitance at Compensation pin should be minimized. 
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HA-2529/883 


Burn-In Circuits 


HA7-2529/883 CERAMIC MINI-DIP 


HA4-2529/883 CERAMIC LCC 


OP AMPs & 
COMPARATORS 


HA2-2529/883 (TO-99) METAL CAN 
V+ 


NOTES: 

Ry = 1MQ, +5%, 1/4W (Min) 
Cy = Co = 0.01 F/Socket (Min) or 0.1nF/Row (Min) 
Cg = 0.01uF (+10%)/Socket 

Dy = Do = IN4002 or Equivalent/Board 

| (V+) - (V-) |= 30V 
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HA-2529/883 


Schematic Diagram 


BW 
OFFSET - OFFSET+ CONTROL 


PIN 1 © BAL 1 BAL 2@ 


bie "a 
Q4B ia 
ad Se - 


INPUT+ eS 


6 Ae = Q21B | 
R6B 
V- 
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HA-2529/883 


Die Characteristics 


DIE DIMENSIONS: 
65.4 x 51.2 x 19 mils 
(1660 x 1300 x 483 um) 
METALLIZATION: 
Type: Aluminum 
Thickness: 16kA + 2kA 
WORST CASE CURRENT DENSITY: 
1.27 x 105A/cm2 
SUBSTRATE POTENTIAL (Powered Up): 
Unbiased 


Metallization Mask Layout 


V+ OUT BAL 


comP ie 


it 


BAL 


GLASSIVATION: 
Type: Nitride 
Thickness: 7kA + 0.7kA 


TRANSISTOR COUNT: 40 
PROCESS: Std. Linear Bipolar Dielectric Isolation 
DIE ATTACH: 
Material: Gold/Silicon Eutectic Alloy 
Temperature: Ceramic Mini-DIP — 460°C (Max) 
Ceramic LCC — 420°C (Max) 
Metal Can — 420°C (Max) 


HA-2529/883 


a Ce 


NOTE: Pin Numbers Correspond to Can and Mini-DIP Package Only. 


OP AMPs & 
COMPARATORS 


HA-2529/883 


Packaging * 


8 PIN CERAMIC DIP 


ae ws gtr 
160. pee : Type 

Een siioplel a pes ioe PACKAGE MATERIAL: Ceramic, 90% Alumina 

PACKAGE SEAL: 
Material: Glass Frit 

| 290 Temperature: 450°C + 10°C 
selfs 310, Method: Furnace Seal 

al at MAX ~~ .008* 0” INTERNAL LEAD WIRE: 

~ 015 Material: Aluminum 

a "BSC Diameter: 1.25 Mil 

se LL 9s0* « INCREASE MAX LIMIT BY .003 INCHES Bonding Method: Ultrasonic 


MEASURED AT CENTER OF FLAT FOR COMPLIANT OUTLINE: 38510 D-4 
-065 SOLDER FINISH 


20 PAD CERAMIC LCC 


PAD MATERIAL: Type C 
PAD FINISH: Type A 
FINISH DIMENSION: Type A 
PACKAGE MATERIAL: Ceramic, 90% AlgO03 
PACKAGE SEAL: 
Material: Gold/Tin (80/20) 
Temperature: 320°C + 10°C 
Method: Furnace Braze 
INTERNAL LEAD WIRE: 
Material: Aluminum 
Diameter: 1.25 Mil 
Bonding Method: Ultrasonic 
COMPLIANT OUTLINE: 38510 C-2 


8 PIN TO-99 METAL CAN 


505 LEAD MATERIAL: Type A 
560 LEAD FINISH: Type C 
PACKAGE MATERIAL: Kovar Header with 


016 
2 Nickel Can 


010 
=. 019 027° 


045 


PACKAGE SEAL: 

Material: No Seal Material 

Temperature: Room Temperature 

Method: Resistance Weld 
INTERNAL LEAD WIRE: 

Material: Aluminum 

Diameter: 1.25 Mil 

Bonding Method: Ultrasonic Bonded 
COMPLIANT OUTLINE: 38510 A-1 


335 .321 


370 = .325 


a koe 


*Dimension Maximum Limits Are Increased by 0.003 inches for Solder Dip Finish 


210 


NOTE: All Dimensions are Min , Dimensions are in inches. t Mil-M-38510 Compliant Materials, Finishes, and Dimensions. 
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HARRIS 


DESIGN INFORMATION 


The information contained in this section has been developed through characterization by Harris Semiconductor and is for 


HA-2529 


Uncompensated, High Slew Rate 
High Output Current, Operational Amplifier 


use as application and design aid only. These characteristics are not 100% tested and no product guarantee is implied. 


Typical Performance Curves Unless Otherwise Specified: Ta = +25°C, Vsuppty = +15V 


OFFSET VOLTAGE (mV) 


OUTPUT CURRENT SWING (+ mA) 


BIAS CURRENT (nA) 


- 30 
-60 -40 -20 O 20 


OFFSET VOLTAGE vs. TEMPERATURE 
6 Typical Units From 3 Lots @ Vg = +15V 


5 
4 adandunfomduneepesbert pT " 
PEPE EEE 
2 deep te 
1 | ede freee 
0 
-1 
-2 
60 -40 -20 O 20 40 i ae ai 120 
TEMPERATURE (°C) 

OFFSET CURRENT vs. TEMPERATURE 

5 Typical Units From 3 Lots @ Vg = +15V 
40 
20 
F aL EEL 
8) siesesecee ee 
ai He ee 


40 60 80 100 120 


TEMPERATURE (°C) 
OUTPUT CURRENT vs. SUPPLY VOLTAGE 


4 6 10 “42 14 
SU oad VOLTAGE (+ V) 
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AVOL (kV/ V) BIAS CURRENT (nA) 


OUTPUT VOLTAGE SWING (+ V) 


BIAS CURRENT vs. TEMPERATURE 
6 Typical Units From 3 Lots @ Vg = +15V 


© FAH omen 
20 LTT ie 
B22) aor 


acetal PECEC Rear eet 
EESRSAREEERSERA AEE 


= BO: .-40--20.;.-0,. 520. AN 60480. 100-420 
TEMPERATURE (°C) 


OPEN LOOP GAIN vs. TEMPERATURE 
6 Typical Units From 3 Lots @ Vg = +15V 


14 on 

4 ae a 
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94.) ee Be ee a a es 

: I OE 

ek WS Be el 

gL Bees Bom el oo oO 
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TEMPERATURE (°C) 


OUTPUT VOLTAGE SWING vs. SUPPLY VOLTAGE 


cs me 

or eee eee 3 
Ek SS Ee es ee Ee 
4 6 8 10 12 14 
SUPPLY VOLTAGE (+ V) 


DORBOAANONA 


! ' 
oh eh 
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HA-2529 


DESIGN IN FO RMATION (Continued) 


The information contained in this section has been developed through characterization by Harris Semiconductor and is for 
use as application and design aid only. These characteristics are not 100% tested and no product guarantee is implied. 


Typical Performance Curves unless Otherwise Specified: Ta = +25°C, Vsyppiy = +15V 
SUPPLY CURRENT vs. SUPPLY VOLTAGE FREQUENCY RESPONSE AT VARIOUS GAINS 
Over Full Temperature 
a — — — + 128°C 


5.0 ee: arae oe ee OR PSs Si 
= Sonam 


< 

4.8 BT Allee 
E OS YS a noe a e D 

4.6 ee 55°C WW 
B44 — 2 th a TE ll 3 
4 Rene = cc 

4.2 Oo 
40 Ema 2 at = 
2 38 bem: G Ba Q 

36 tone! 5 as 
> 34 | Q g 
oO 3.2 es oa! < 
a le 

oe z 

= es 7 Li 
® os Piaae a. 2 

x = ea 

2.4 

4 6 8 10 12 14 


SUPPLY VOLTAGE (+ V) 


100 1K 10K 100K 1M 10M 100M 
FREQUENCY (Hz) 


OPEN LOOP FREQUENCY RESPONSE FOR VARIOUS 
VALUES OF CAPACITORS FROM BANDWIDTH 


CONTROL PIN TO GROUND INPUT NOISE CHARACTERISTICS 
100 

fhehtee | {| | | | B sco of 
© am RO ig ae er 
eo (iebebd ds Rp SUUIBEE > . | INPUT NOISE CURRENT z 
ie Midi? myer Rr, Ww 100 Bil: 1 ae 
EU In RSS De Mt: = a i as a . é 
HI SR: TT Ls sit ae 
Bias: ; > S) 
20 SOURRIMOLIM [mmaste ee Bag | CL INPUT NOISE VOLTAGE | Hs 3 
6 eas ee © 2g aii vi atm et 
all Will) Mill Bill ui 
z Zz 

1 0.1 

1 100 1K 100K 

FREQUENCY (Hz) 
OUTPUT VOLTAGE SWING vs. FREQUENCY NORMALIZED A.C. PARAMETERS vs. SUPPLY VOLTAGE 


35 


VsupPLy = + 20V g 


RCA | TH 
: Hi, 0 
eee eis tl EM 
SRaU La SA 
sii dij na | LL Sannn a5 
A POT) 
10K 


10M SUPPLY VOLTAGE (+ V) 


| Vg+ 15V, Ri = 2K, < 
‘ CL= 50pF, T= + 25°C fee 
~ | BANDWIDTH al 

ean tere | | | | 
| LA 485% necative | |_| 
ATRL Greet Td 
x Ax. 
TL | Aq ferosmve | TT [I 
es SLEW RATE i 


F 0.8 


PEAK - TO - PEAK VOLTAGE SWING 


-REGOENCY (Hz) 
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DESIGN INFORMATION (continue) 


The information contained in this section has been developed through characterization by Harris Semiconductor and is for 
use as application and design aid only. These characteristics are not 100% tested and no product guarantee is implied. 


Typical Performance Curves unless Otherwise Specified: Ta = +25°C, Vsyuppiy = +15V 


LARGE SIGNAL RESPONSE SMALL SIGNAL RESPONSE 
Vertical Scale: (200ns/Div.) Vertical Scale: (200ns/Div.) 
Horizontal Scale: (2V/Div. Input) Horizontal Scale: (50mV/Div. Input) 
(5V/Div. Output) (100mV/Div. Output) 


OUTPUT } sine is — 


OP AMPs & 
COMPARATORS 


OUTPUT 


0.001 UF 


20012 


Tested Offset Adjustment is | Vog +1mV| minimum 
referred to output. Typical range is +28mV to 


-18mV with Ry = 20k. 
4999.9 


~_ SETTLING TIME 
TEST POINT 


e Ay = -3 

e Feedback and summing resistor ratios should be 0.1% matched. 

© Clipping diodes CR1 and CR2 are optional. HP5082-2810 
recommended. 
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DESIGN INFORMATION (continued) 


The information contained in this section has been developed through characterization by Harris Semiconductor and is for 
use as application and design aid only. These characteristics are not 100% tested and no product guarantee is implied. 


Typical Applications 
FREQUENCY RESPONSE FOR INVERTING UNITY GAIN CIRCUIT 


GAIN (dB) 


° fm 
aS 
ee] 

2 2 
So [—) 
PHASE (DEGREES) 


NOTE: Compensation Circuit for Ay = -1 3 milli 
Slew rale ~ 120/is CEE COETI CEI a 
Bandwidth ~ 10MHz 
Settling Time (0.1%) ~ 500ns 
Capacitance at pin 8 must be minimized for maximum bandwidth. 
Tested and functional with supply voltages from +4V to +15V. 


10K 10M 


TYPICAL PERFORMANCE CHARACTERISTICS 
Device Characterized at: Supply Voltage = +15V, Ry = 2k, Cy, = 50pF, Ay = +3V/V, Unless Otherwise Specified. 


DESIGN 
PARAMETERS CONDITIONS TEMP TYPICAL LIMIT UNITS 


Offset Voltage Vom = OV ae oes ee a Table 1 
Average Offset Voltage Drift Versus Temperature ee 2 ae Se eS 


Table 1 


Average Bias Current Drift Versus Temperature 


Offset Current Vom = OV 


[Dierenial nput Resistance [re 
es a a a 
KW 


Large Signal Voltage Gain Yee +10V 


SETI Be ae 
ce 
at 
[o0e 
100 2 
aes 
a 
nee 
sor 
EE 
nn CE ea A ey 
mo 
aS 
eee 
Ee 
ei es 
[200 
ne 
ose 
sia 


Table 1 


Table 3 
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ce) 
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a 


prea | eee 
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Table 1 


Other Parameters Will Vary 
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iG HARRIS 


HA-2539/883 


Very High Slew Rate Wideband 
Operational Amplifier 


January 1989 


Features 


¢ This Circuit is Processed in Accordance to Mil-Std- 
883 and is Fully Conformant Under the Provisions of 
Paragraph 1.2.1. 


e Very High Slew Rate 550V/us (Min) 


600V/us (Typ) 


10K V/V (Min) 
15K V/V (Typ) 


550MHz (Min) 
600MHz (Typ) 


e Full Power Bandwidth ................. 8.7MHz (Min) 
9.5MHz (Typ) 


10mV (Max) 


6nV/\/Hz (Typ) 
+10V (Min) 


¢ Open Loop Gain 


e Wide Gain Bandwidth 


e Low Offset Voltage 
¢ Input Voltage Noise @ 1kHz 
¢ Output Voltage Swing 


Applications 


e Pulse and Video Amplifiers 

e Wideband Amplifiers 

e High Speed Sample and Hold Circuits 
e RF Oscillators 


Pinouts 


HA1-2539/883 (CERAMIC DIP) 
TOP VIEW 


NC 
NC 
NC 
+ VSUPPLY 
NC 


OUTPUT 


3-63 


Description 


The Harris HA-2539/883 represents the ultimate in high 
slew rate wideband, monolithic, operational amplifiers. It 
has been designed and constructed with the Harris high 
frequency bipolar dielectric isolation process and features 
dynamic parameters never before available from a truly 
differential device. 


With a 600V/us slew rate and a GOOMHz gain bandwidth 
product, the HA-2539/883 is ideally suited for use in video 
and RF amplifier designs, in closed loop gains of 10 or 
greater. Full +10V swing coupled with outstanding AC 
parameters and complemented by high open loop gain 
makes the device useful in high speed data acquisition 
systems. 


The HA-2539/883 is available in the 14 pin Ceramic DIP 
and a 20 pin LCC package and is pin-for-pin functional 
with the Signetics NE5539. The HA-2539/883 operates 
over the -559C to +125°C temperature range. 


HA4-2539/883 (CERAMIC LCC) 
TOP VIEW 


fe 
8O 
ok 
oa 
SE 
a5 
O96 
O 


Specifications HA-2539/883 


Absolute Maximum Ratings 


Voltage Between V+ and V- Terminals...........cccceeeeees 35V 
Differenughinnul Vouage oe « dees o Five iPS asso 'ble's Ceci ee eves 6V 
Voltage at Either Input Terminal ...............220e cence V+ to V- 
Peak Output Current (< 10% Duty Cycle) .............000. 50mA 
AUNGTION Tena DOTatUNO CEA) so os coos rac wok oo sce eoesees +175°9C 
Storage Temperature Range ..............05. -65°C to +150°C 
El) PRUNES G5 fc Shige beg bad'e oS SRS Grav oae R eka EES COED < 2000V 
Lead Temperature (Soldering 10 S@C)..........ceee cence +275°9C 


CAUTION: Absolute maximum ratings are limiting values, applied 
individually beyond which the serviceability of the circuit may be impaired. 
Functional operability under any of these conditions is not necessarily 
implied. 


Thermal Information 


Thermal Resistance Sia Bic 
Ceramic DIP Package ......scccccesees 98°C/W 30°C/W 
Ceramic LCC Package ............006. 95°C/W 35°C/W 

Package Power Dissipation Limit at +75°C For Ty < 175°C 
Ce ttle COI ow «0.x 68 AA ain dasnsnin abewktasechsaceiaeaiecncd 1.03W 
ete CGF OOROOG Ba. 5 ins edie see Pb id ora b bing wesw 1.06W 

Package Power Dissipation Derating Factor Above +75°9C 
ara I PCKOOG Fh aie oie's 65a cee £0 bye Sat ois's 10.2mW/°C 
Caremnic LCC TACRGG@ 5 nc. --k sede cceiccgasds espe 10.6mW/°C 


Recommended Operating Conditions 


Operating Temperature Range ............... -55°C to +125°9C 
Operating Supply Voltage ........... cece eee eeees +12V to +15V 


ViNem < 1/2 (V+ - V-) 
Ry > 1kN 


TABLE 1. D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 


Device Tested at: Supply Voltage = +15V, RgouRCE = 100, RLOAD = 100k, Voyrt = OV, Unless Otherwise Specified. 


D.C. PARAMETERS SYMBOL CONDITIONS 
Input Offset Voltage Vio Vom = OV 
Input Bias Current +lp 


Input Offset Current 


+CMR 


Common Mode Range 


-CMR V+ = 25V 


V-=-5V 


Large Signal Voltage Gain 


Vout = OV and +10V 
RL = 1kQ 


+AVOL 


VoutT = OV and -10V 
Rp = 1kN 


-AVOL 


Common Mode Rejection +CMRR 


Ratio 


AVcm = +10V 
+V=+5V 
-V=-25V 
VouT = -10V 


-CMRR | AVcy =-10V 
+V = +25V 
-V =-5V 


VouT = +10V 


GROUP A 


LIMITS 
SUBGROUP | TEMPERATURE 


ee ere 
ee ee 


UNITS 


mV 
V 


es 
se 
Ta. | aerecatae, 
ba Wc. a 
Bea eae 
armas 
Sake 
Meo 


m 


Ca 
| a0 
ame ane | ae 
[ase a 
Tree e |e 
eee 
ee 
ae 


Hele }eP PPP PBs 


a8 [te a0 
| 2,3 | +1280c,-55°C 
re ee ee 
cs 
CMe iD: 
[ae [wasroaare | 8 
a 02 
sae = 


kV/V 
kV/V 
kV/V 
kV/V 


+1259C, -559C 


+125°9C, -55°9C 


CAUTION: This device is sensitive to electrostatic discharge. Proper |.C. handling procedures should be followed. 
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TABLE 1. D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 
Device Tested at: Supply Voltage = +15V, RSOURCE = 1002, RLOQAD = 100kN, Vout = OV, Unless Otherwise Specified. 


prc] conono | Ral rene [ae [ 

GROUP A 

D.C. PARAMETERS SYMBOL CONDITIONS SUBGROUP | TEMPERATURE | MIN, | MAX | UNITS 

Output Voltage Swing +VouT | RL =1kN rate deal | Ae cal fights see a 
reso | of - |v 


TABLE 2. A.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 


Output Current 


Quiescent Power 
Supply Current 


AVsup = 10V 
+V = +5V, -V =-15V 
+V = +15V, -V =-15V 


Power Supply 
Rejection Ratio 


AVsup = 10V 
+V = +15V, -V =-5V 
+V = +15V, -V = -15V 


Table 2 Intentionally Left Blank. See A.C. Specifications on Table 3. 
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TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 
Device Characterized at: Supply Voltage = +15V, RLOAD = 1k, CLOAD < 10pF, Ay = 10V/V, Unless Otherwise Specified. 


LIMITS 
PARAMETERS SYMBOL CONDITIONS NOTES TEMPERATURE min, | MAX | UNITS 


Gain Bandwidth Product GBWP Vo = 100MV, fo = 1MHz ae ae oo ee ee 
[sn [Vour=sevie-sw [1 | va [eso | - | wm 
[Faronwrowawan | Frew | voewcnw | va | vamo fer | ~ | wm 


Minimum Closed Loop RL = 1k, CL < 10pF Cee were Tw 
Stable Gain 

: shee 

Pena 

PC = ; 


VouT = OV to -200mV 
Quiescent Power VouT = OV, lout = OmA 1,3 -55°C to +1259C 
Consumption 


Output Resistance ROUT Open Loop 
NOTES: 1. Parameters listed in Table 3 are controlled via design or process parameters and are not directly tested at final production. These parameters are 


lab characterized upon initial design release, or upon design changes. These parameters are guaranteed by characterization based upon data 
from multiple production runs which reflect lot to lot and within lot variation. 


2. Full Power Bandwidth guarantee based on Slew Rate measurement using FPBW = Slew Rate/(2nVpe ax). 
3. Quiescent Power Consumption based upon Quiescent Supply Current test maximum. (No load on outputs.) 
4. Measured between 10% and 90% points. 


TABLE 4. ELECTRICAL TEST REQUIREMENTS 


MIL-STD-883 TEST REQUIREMENTS SUBGROUPS (SEE TABLES 1 & 2) 


Final Electrical Test Parameters 1"; 253.4, 526 
Group A Test Requirements 1,2,3;4,5,;6 


* PDA applies to Subgroup 1 only. 
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Test Circuit (Applies to Table 1) 


5+ V 
ere <j <o 


ale a 100K 
1K (1) 0 1 FOR LOOP STABILITY, 
U vu OPEN USE MIN VALUE CAPACITOR 
TO PREVENT OSCILLATION 
OPEN ° > 
> ° 2 OPEN 
OPEN 20 1 SSA : eee i 


S21 
OPEN 20 
1K 


100 2100 


7 As 
BUFFER 
2] 
c 
&O 
ALL RESISTORS = + 1% (0) ge 
ALL CAPACITORS = + 10% (UF) Si 
<< 
as 
“6 
es) 


For Detailed Information, Refer to HA-2539/883 Test Tech Brief 


Test Waveforms 
SIMPLIFIED TEST CIRCUIT FOR LARGE AND SMALL SIGNAL RESPONSE (Applies to Table 3) 


VIN Vout 
9009 Vg = #18V 
502 Ay = +10 
Cy < 10pF 
1000 


MEASURED LARGE SIGNAL RESPONSE MEASURED SMALL SIGNAL RESPONSE 
Vertical Scale: Input = 500mV/Div., Output = 5V/Div. Vertical Scale: Input = 10mV/Div., Output = 50mV/Div. 
Horizontal Scale: Time: 20Ons/Div. Horizontal Scale: 2Ons/Div. 


SOBRY 


INPUT INPUT 


OUTPUT OUTPUT | 


& 
ee 


Ay = +10V/V, Ry = 1k9 


Ay = +10V/V, Ry = 1k9 
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Burn-In Circuits 


HA1-2539/883 CERAMIC DIP 


HA4-2539/883 CERAMIC LCC 


NOTES: 

Ry = 10k, +5%, 1/4W (Min) 

Ro = 1k, +5%, 1/4W (Min) 

Cz = Cp = 0.01)1F/Socket (Min) or 0.1 uF/Row, (Min) 
Dy = Do = IN4002 or Equivalent/Board 

| (V+) - (V-) |= 30Vv 
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Schematic Diagram 


5 OUTPUT 


OP AMPs & 
COMPARATORS 
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Die Characteristics 


DIE DIMENSIONS: ; GLASSIVATION: 
75.2 x 61 x 19 mils Type: Nitride over Silox 
(1910 x 1550 x 483 um) Silox Thickness: 12k + 2kA 
METALLIZATION: Nitride Thickness: 3.5kA - 1kA 
Type: Aluminum TRANSISTOR COUNT: 30 
Thickness: 20kA + 2kA 


PROCESS: High Frequency Bipolar Dielectric Isolation 
WORST CASE CURRENT DENSITY: DIE ATTACH: 


2 x 10°A/em? @ 11mA Material: Gold/Silicon Eutectic Alloy 
SUBSTRATE POTENTIAL (POWERED UP): V- Temperature: Ceramic DIP — 460°C (Max) 
Ceramic LCC — 420°C (Max) 


Metallization Mask Layout 
HA-2539/883 


V+ 


OUTPUT 


+IN V- 


NOTE: Pin Numbers Correspond to 14 Pin DIP Package Only. 
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Packaging t 
14 PIN CERAMIC DIP 
.753 
.785 140 
.005 MIN 170 


.200 MAX aps 
«i i 
015, 150 MIN 
.060 
125 .098 MAX 
180 016 * 100 
023 
.050 * 
065 


LEAD MATERIAL: Type B 
LEAD FINISH: Type A 
PACKAGE MATERIAL: Ceramic, 90% Alumina 
PACKAGE SEAL: 
Material: Glass Frit 
Temperature: 450°C + 10°C 
Method: Furnace Seal 


20 PAD CERAMIC LCC 


ai 
15° 


* INCREASE MAX LIMIT BY .003 INCHES 


MEASURED AT CENTER OF FLAT FOR 
SOLDER FINISH 


INTERNAL LEAD WIRE: 

Material: Aluminum 

Diameter: 1.25 Mil 

Bonding Method: Ultrasonic 
COMPLIANT OUTLINE: 38510 D-1 


OP AMPs & 
COMPARATORS 


PAD MATERIAL: Type C 
PAD FINISH: Type A 
FINISH DIMENSION: Type A 
PACKAGE MATERIAL: Multilayer Ceramic, 90% Alumina 
PACKAGE SEAL: 
Material: Gold/Tin (80/20) 
Temperature: 320°C + 10°C 
Method: Furnace Braze 


, Dimensions are in inches. 


NOTE: All Dimensions are at 
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INTERNAL LEAD WIRE: 

Material: Aluminum 

Diameter: 1.25 Mil 

Bonding Method: Ultrasonic 
COMPLIANT OUTLINE: 38510 C-2 


+t Mil-M-38510 Compliant Materials, Finishes, and Dimensions. 
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DESIGN INFORMATION Very High Slew Rate Wideband 
Operational Amplifier 


The information contained in this section has been developed through characterization by Harris Semiconductor and is for 
use as application and design aid only. These characteristics are not 100% tested and no product guarantee is implied. 


Typical Performance Curves unless Otherwise Specified: Ta = +25°C, VsyppLy = £15V 


INPUT OFFSET VOLTAGE AND BIAS CURRENT vs. INPUT NOISE VOLTAGE AND NOISE CURRENT vs. 
TEMPERATURE FREQUENCY 


NR 
oa 


Hz) 


NR 
Oo 


= 
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VOLTAGE THA 


CTE sae ee 
0 
+40 +80 ML Cott pnt . 


TEMPERATURE (°C) 1K 
FREQUENCY (Hz) 


_ 
o 


INPUT BIAS CURRENT ( #2 A) 
=) 


|Vio| OFFSET VOLTAGE (mv) 
NOISE VOLTAGE (nV/\/ Hz) 


NOISE CURRENT ( pA/ 


o 


HA-2539 OFFSET VOLTAGE DRIFT vs. TIME COMMON MODE REJECTION RATIO vs. FREQUENCY 


a a al 
Bit aa | 

UL TTFIA UT 
ui iii 


100K 
FREQUENCY (Hz) 


CMRR (dB) 


OPEN LOOP GAIN/PHASE vs. FREQUENCY HA-2539 
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DESIGN INFORMATION (continueg) 


The information contained in this section has been developed through characterization by Harris Semiconductor and is for 
use as application and design aid only. These characteristics are not 100% tested and no product guarantee is implied. 


Typical Performance Curves Unless Otherwise Specified: Ta = +25°C, Vsypply = £15V 


CLOSED LOOP FREQUENCY RESPONSE FOR VARIOUS 
CLOSED LOOP GAINS OUTPUT VOLTAGE SWING vs. FREQUENCY 


Ca eee TT TTT 
MICH CU CATE ELM TTT) TT 


24 


80 a 
ne SI ih, SU i a 
= CO SCC 5 UTI alll Hau aM 
AIR au Se a 
G a5 Naa 
ee CUMIN CUTIES TLE 2. BNO NI Co 
3° CMCC CCU ST : CT 
ST TT TTT TT TRS IY _ \ 
CUCINA COC UTC NI : SEE Ul 
ASCII Tn FTN Coc 
eee a CEC TS : 
FREQUENCY (Hz) ‘ tf 
‘ wa <° 
00K 2) 
FREQUENCY. a Sa 
< 
OUTPUT VOLTAGE SWING vs. LOAD RESISTANCE NORMALIZED AC PARAMETERS vs. TEMPERATURE oz 
oO 


‘Teak, | mabe 


NORMALIZED PARAMETERS 
REFERRED TO VALUES AT +250C 


OUTPUT VOLTAGE SWING (VOLTS p-p) 


80 -40 0 +40 +80 +120 +160 
RESISTANCE (Ohms) TEMPERATURE (0C) 


POWER SUPPLY CURRENT vs. 


SETTLING TIME FOR VARIOUS OUTPUT STEP VOLTAGES TEMPERATURE AND SUPPLY VOLTAGE 
a 10 
a 8 
S 5 < 
a 4 ro < VSUPPLY = +15V 
m2" & Gaunets Ce eet 
ae oc SUPPLY = + 
=x = 
ate ¢ 
S 4 = 
= 
= 10 

0 40 80 120 160 200 240 

SETTLING TIME (ns) -80 -40 0 +40 +80 +120 +160 


TEMPERATURE (8C) 


3-73 


HA-2539 


DESIGN INFORMATION (continuea) 


The information contained in this section has been developed through characterization by Harris Semiconductor and is for 
use as application and design aid only. These characteristics are not 100% tested and no product guarantee is implied. 


TYPICAL PERFORMANCE CHARACTERISTICS 


Device Characterized at: Supply Voltage = +15V, Ru = 1kN, CL < 10pF, Ay = 10V/V, Unless Otherwise Specified. 


Average Offset Voltage Drift 


Bias Current 


Differential Input Resistance 
Input Capacitance 


Input Noise Voltage Density fo = 10Hz 


fo = 100Hz 


Input Noise Current Density 


Slew Rate 


Full Power Bandwidth VPEAK = 10V 


Minimum Supply Voltage 


Application Information 


When using the HA-2539 for high frequency 
performance, care must be given in the system’s design to 
optimize this component’s use. High frequency layout 
techniques, ground planning, supply decoupling, and short 
lead lengths will help eliminate unwanted parasitic effects. A 
suggested component’s choice for the feedback and input 
resistor is to keep their valve as small as possible, preferably 
less than 1kQ. Capacitive loading, which cause a loss of 
phase margin can be increased by adding series resistance 
in the output path. Closed loop gain of less than 10 should 
not be designed due also to a loss of phase margin. If circuits 
must be designed in lower gains, inverting methods are 
recommended. Output saturation to the -V rail which may 
cause regeneration or oscillation during saturation, should 
also be avoided. 


DESIGN 
PARAMETERS CONDITIONS TEMP TYPICAL LIMIT UNITS 


ane eee dae a oat a 
ers Tonpwcive —-asectsaseo | 20 | so | wre 


Tas 
Psa58¢ 
ee ae 
Ps ae Oe a 
eee ee 
[eradeandnoss——SC*d anions ——SSC*C a 


VouT = +5V 
-559C to +1259C 


Tsa886 
raeeCto 8500 
a 
es 
Tr 
[oteentaiGanémer dees iC 
Toneeniarasecror ‘(| togswie——SSSC*dC 
[ovmitnesseree | Oventowp _———S—*d?Cnaer wo 


Functional Operation Only. 


, +25°C 
Other Parameters Will Vary. 


For other application suggestions, please refer to 
Application Note 541 which includes’ methods for 
DC error reductions, frequency compensation, higher 


output current and voltage circuits and other high frequency 
circuits. 


Heat Sinking 


Although not required for compliancy of /883, heat sinking is 
suggested in high ambient conditions ( > 75°C). Suggested 
models include thermalloy model 6007 or AAVID model 
5602B. Junction temperature should be maintained below 
+175°C. Further information is provided in Application Note 
556, and proper thermal resistance values are provided in the 
thermal information section. 
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HA-2540/883 


Wideband, Fast Settling 
Operational Amplifier 


January 1989 


Features 


© This Circuit is Processed in Accordance to Mil-Std- 
883 and is Fully Conformant Under the Provisions of 
Paragraph 1.2.1. 


e Very High Slew Rate 350V/us (Min) 


400V/us (Typ) 
200ns (Typ) 


300MHz (Min) 
400MHz (Typ) 


e Full Power Bandwidth ................. 5.5MHz (Min) 
6MHz (Typ) 


10mV (Max) 


6nV/\/Hz (Typ) 
+10V (Min) 


¢ Fast Settling Time 
e Wide Gain Bandwidth 


e Low Offset Voltage 

¢ Input Voltage Noise @ 1kHz 

¢ Output Voltage Swing 

¢ Monolithic Bipolar Construction 


Applications 


¢ Pulse and Video Amplifiers 

¢ Wideband Amplifiers 

e High Speed Sample and Hold Circuits 
e Fast, Precise D/A Converters 


Pinouts 


HA1-2540/883 (CERAMIC DIP) 
TOP VIEW 


NC 
NC 

NC 

V+ 
OUTPUT 
NC 


NC 


Description 


The Harris HA-2540/883 is a wideband, very high slew 
rate, monolithic operational amplifier featuring superior 
speed and bandwidth characteristics. Bipolar construction 
coupled with dielectric isolation allows this truly differential 
device to deliver outstanding performance. Additionally, the 
HA-2540/883 has a drive capability of +10V into a 1kQ 
load. Other desirable characteristics include low input 
voltage noise, low offset voltage, and fast settling time. 


A 350V/us slew rate ensures high performance in video and 
pulse amplification circuits, while the 40O0MHz gain- 
bandwidth-product is ideally suited for wideband signal 
amplification. A settling time of 250ns also makes the 
HA-2540/883 an excellent selection for high speed Data 
Acquisition Systems. 


The HA-2540/883 is specified over the -55°C to +125°C 
temperature range. 


HA4-2540/883 (CERAMIC LCC) 
TOP VIEW 
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Specifications HA-2540/883 


Absolute Maximum Ratings 


Voltage Between V+ and V- Terminals...............0020005 35V 
Differential InpystVotage. 5 oS fle ad ooo ieee tees ccees 6V 
Voltage at Either Input Terminal ....................000 V+ to V- 
Peak Output Current (< 10% Duty Cycle) ................. 50mA 
UUACUCIN Ter C TAD So wh son's 4 0'n+5.n8,tnn cadences +175°C 
Storage Temperature Range ..............00. -65°C to +150°C 
Bad PROUIED so uc apes ard cis w Sine.d.al6.8.% diniels'e oin'c 6 Soe eee ee < 2000V 
Lead Temperature (Soldering 10 sec)..............0008- +275°9C 


CAUTION: Absolute maximum ratings are limiting values, applied 
individually beyond which the serviceability of the circuit may be impaired. 
Functional operability under any of these conditions is not necessarily 
implied. 


Thermal Information 


Thermal Resistance Bia Bic 
Ceramic DIP Package ..............06. 989C/W 30°C/W 
Ceramic LCC Package .............00- 95°C/W = 35°C/W 

Package Power Dissipation Limit at +75°C For Ty < 175°C 
Ceramic. DIP. Package ....-.-ce eee 5 5 eee 8 se Fe UNS EKET OR 1.03W 
Ceramic LCC Package .......... gee dak bw hap ele saree 1.06W 

Package Power Dissipation Derating Factor Above +75°C 
Caramic DIP Package ..... i « ais:s ines sewewtd bri bcc 10.2mW/°C 
Cpe tC PACKED ooo io eco a cae vag can 10.6mW/°C 


Recommended Operating Conditions 


Operating Temperature Range ............... -559C to +125°C 
Operating Supply Voltage ...........cc cece ee eees +12V to +15V 


ViNcm <. 1/2 (V+ - V-) 
Ri > 1kN 


TABLE 1. D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 


Device Tested at: Supply Voltage = +15V, RSoURCE = 1002, RLOAD = 100k, VoyrT = OV, Unless Otherwise Specified. 


D.C. PARAMETERS SYMBOL CONDITIONS 
Input Offset Voltage Vio Vom = 0V 
Input Bias Current +lpB 


Input Offset Current 


Common Mode Range +CMR 


-CMR V+ = 25V 


V- =-5V 


Large Signal Voltage Gain Vout = OV and +10V 


RE = 1k 


+AVOL 


Vout = OV and -10V 
Ru = 1k 


-AVOL 


Common Mode Rejection +CMRR 


Ratio 


AVcm = +10V 
+V = +5V 

-V = -25V 
VouT = -10V 


-CMRR 


LIMITS 


GROUP A 
SUBGROUP 


TEMPERATURE UNITS 


+25°9C 


mV 
V 


+1259C, -55°C -15 m 


+25°C 
+125°9C, -55°9C 


+25°9C 


PPP Ele 


Le. 

Te | 
eee es: ee 
P28 | vrasee-ssee | -w [v 
es eo 
Tae | rasenesee | 8 [= [an 
es ee 
ee Ee 
a ee 
eee Ve 
| ee [a 
Pikeail thease Inay G ad 


CAUTION: This device is sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
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TABLE 1. D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 
Device Tested at: Supply Voltage = +15V, RSOURCE = 1002, RLOAD = 100kN, Vout = OV, Unless Otherwise Specified. 


LIMITS 
Output Voltage Swing +VouT | RL =1kN 


GROUP A 
SUBGROUP 


Output Current 


E 
> 


Quiescent Power +loc 
Supply Current 


ea 
+V = +5V, -V = -15V 


+V = + 15V, -V =-5V 
TABLE 2. A.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 


- 
> 


3 
> 


+1259C, -559C 


+125°9C, -55°C 


Power Supply 
Rejection Ratio 


2 ee 


+1259C, -55°9C 
+V = +15V, -V = -15V 


Table 2 Intentionally Left Blank. See A.C. Specifications on Table 3. 
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TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 
Device Characterized at: Supply Voltage = +15V, RLOAD = 1k, CLoap < 10pF, Ay = 10V/V, Unless Otherwise Specified. 


LIMITS 
PARAMETERS SYMBOL CONDITIONS NOTES TEMPERATURE Min | MAX. UNITS 


Minimum Closed Loop CLSG Rit = 1kQ, CL < 10pF -559C to +125°9C 10 
Stable Gain 


Quiescent Power P VouT = OV, loyT = OmA -559C to +125°9C 
Consumption 


NOTES: 1. Parameters listed in Table 3 are controlled via design or process parameters and are not directly tested at final production. These parameters are 
lab characterized upon initial design release, or upon design changes. These parameters are guaranteed by characterization based upon data 
from multiple production runs which reflect lot to lot and within lot variation. 


720 


i ¢) ® 52) 


2. Full Power Bandwidth guarantee based on Slew Rate measurement using FPBW = Slew Rate/(2nVpg ax). 
3. Quiescent Power Consumption based upon Quiescent Supply Current test maximum. (No load on outputs.) 
4. Measured between 10% and 90% points. 


TABLE 4. ELECTRICAL TEST REQUIREMENTS 


MIL-STD-883 TEST REQUIREMENTS SUBGROUPS (SEE TABLES 1 & 2) 


Final Electrical Test Parameters 1*, 2,3, 4,5,6 


Group A Test Requirements 1,2,3,4,5;6 


* PDA applies to Subgroup 1 only. 
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Test Circuit (Applies to Table 1) 


54+ V, 
cc <j 503 
0.1. 1 1 


1K 0 1 100K FOR LOOP STABILITY 
U vu ) OPEN USE MIN VALUE CAPACITOR 
TO PREVENT OSCILLATION 
OPEN 42 
D ° 2 OPEN 
OPEN 20 1 S5A : Gris iodings 


$2 1 
OPEN 20 
1K 


100 2100 


BUFFER 
fe 
% © 
ALL RESISTORS = + 1% (2) ee 
ALL CAPACITORS = + 10% (JF) = co 
ea 
o= 
For Detailed Information, Refer to HA-2540/883 Test Tech Brief y 


Test Waveforms 
SIMPLIFIED TEST CIRCUIT FOR LARGE AND SMALL SIGNAL RESPONSE (Applies to Table 3) 


VouT 


Vs = +15V 
Ay = +10 
CL < 10pF 


MEASURED LARGE SIGNAL RESPONSE MEASURED SMALL SIGNAL RESPONSE 
Vertical Scale: Input = 500mV/Div., Output = 5V/Div. Vertical Scale: Input = 10mV/Div., Output = 50mV/Div. 
Horizontal Scale: Time: 20ns/Div. Horizontal Scale: 2Ons/Div. 


INPUT INPUT 


OUTPUT OUTPUT 


Ay = +10V/V, RL = 1k9 Ay = +10V/V, Ry = 1k 
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HA-2540/883 


Burn-In Circuits 


HA1-25406/883 CERAMIC DIP 


HA4-2540/883 CERAMIC LCC 


NOTES: 

Ry = 1kQ, +5%, 1/4W (Min) 

Ro = 1k, +5%, 1/4W (Min) 

Rg = 10k, +5%, 1/4W (Min) 

Cz = Co = 0.01 pF/Socket (Min) or 0.1pF/Row, (Min) 
Dy = Do = IN4002 or Equivalent/Board 

| (V+) - (V-) |= 30v 
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HA-2540/883 


Schematic Diagram 


R22 


21a 
R25 
On1 
, 
0021 
, 
a 
O22) an 


ee 
7°53 


OP AMPs & 
COMPARATORS 


HA- 


Die Characteristics 


DIE DIMENSIONS: 
75.2 x 61 x 19 mils 
(1910 x 1550 x 483 um) 


METALLIZATION: 
Type: Aluminum 
Thickness: 20kA + 2kA 


WORST CASE CURRENT DENSITY: 
2x 10°A/cm2 @ 11mA 


SUBSTRATE POTENTIAL (POWERED UP): V- 


Metallization Mask Layout 


2540/883 


GLASSIVATION: 
Type: Nitride over Silox 
Silox Thickness: 12kA + 2kA 
Nitride Thickness: 3.5kA + 1kA 


TRANSISTOR COUNT: 30 
PROCESS: High Frequency Bipolar Dielectric Isolation 
DIE ATTACH: 

Material: Gold/Silicon Eutectic Alloy 


Temperature: Ceramic DIP — 460°C (Max) 
Ceramic LCC — 420°0C (Max) 


HA-2540/883 


+IN 


V+ 


OUTPUT 


NOTE: Pin Numbers Correspond to 14 Pin DIP Package Only. 
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Packaging' 
14 PIN CERAMIC DIP 
753 
785 140 
.005 MIN 170 
.200 MAX 
EB i 
2015, 150 MIN 
060 
125 e .088 MAX 
180 * 100 
016 BSC 
023 
.050 * 
065 


LEAD MATERIAL: Type B 
LEAD FINISH: Type A 
PACKAGE MATERIAL: Ceramic, 90% Alumina 
PACKAGE SEAL: 
Material: Glass Frit 
Temperature: 4509C + 10°C 
Method: Furnace Seal 


20 PAD CERAMIC LCC 


a. 
15° 


* INCREASE MAX LIMIT BY .003 INCHES 


MEASURED AT CENTER OF FLAT FOR 
SOLDER FINISH 


INTERNAL LEAD WIRE: 

Material: Aluminum 

Diameter: 1.25 Mil 

Bonding Method: Ultrasonic 
COMPLIANT OUTLINE: 38510 D-1 


OP AMPs & 
COMPARATORS 


PAD MATERIAL: Type C 
PAD FINISH: Type A 
FINISH DIMENSION: Type A 
PACKAGE MATERIAL: Multilayer Ceramic, 90% Alumina 
PACKAGE SEAL: 
Material: Gold/Tin (80/20) 
Temperature: 320°C + 10°C 
Method: Furnace Braze 


NOTE: All Dimensions are ball , Dimensions are in inches. 
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INTERNAL LEAD WIRE: 

Material: Aluminum 

Diameter: 1.25 Mil 

Bonding Method: Ultrasonic 
COMPLIANT OUTLINE: 38510 C-2 


+ Mil-M-38510 Compliant Materials, Finishes, and Dimensions. 


w HARRIS HA-2540 


DESIGN INFORMATION Wideband, Fast Settling 
Operational Amplifier 


The information contained in this section has been developed through characterization by Harris Semiconductor and is for 
use as application and design aid only. These characteristics are not 100% tested and no product guarantee is implied. 


Typical Performance Curves unless Otherwise Specified: Ta = +25°C, Vsyppiy = +15V 


INPUT OFFSET VOLTAGE AND BIAS CURRENT vs. INPUT NOISE VOLTAGE AND NOISE CURRENT vs. 
TEMPERATURE FREQUENCY 


: s e"\ F 
= ae > 20 AG aS 
2 wi c z 
wi = ae = 
c 
x aul OFFSET VOLTAGE _| F w i : 
” Riga Fas ea ol > = NX) | : 
= | ot bs 3 NN z 
i ic wi 10 . 3 
= —) g VF 
F a alten ae ears o unite im a 
a = = | NOISE [1 {f Se 8 
> 5 Ee aus ow ao oo =~ 10 
; aill| TSS Ht 
ct ae iim eee 


10 100 10K 100K 


0 
-80 = -40 0 +40 +80 +120 +160 
TEMPERATURE (0C) 


HA-2540 OFFSET VOLTAGE DRIFT vs. TIME COMMON MODE REJECTION RATIO vs. FREQUENCY 


CETTE UTE UT versed] 
ETM ATEN ELT 
TTT TTT 
om a 
TAI TEE TM 


100K 
FREQUENCY (Hz) 


CMRR (dB) 


POWER SUPPLY REJECTION RATIO vs. FREQUENCY OPEN LOOP GAIN/PHASE vs. FREQUENCY HA-2540 


—~=Saif 


UT TTT TT TTT TTT TTT TT 
0 BB 00 
CUTS! TONS TTT 
SLOT ONS TTR TT TTT 
Se Semen am a 

HA as 
a A HE Sei OY 
SUIT TT TOT TTT RN TTT TTT 
CTU | TTT COCCI TINS UT TT 
CT TT TTT aoe 
OER A A 
vo LUT TU TTT TTT 


100 1K 10K 100K 1M 10M 100M 
FREQUENCY (Hz) 


OPEN LOOPGAIN (dB) 


PSRR (dB) 


1K 10K 100K 10M 
FREQUENCY (Hz) 
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DESIGN IN FORMATION (Continued) 


The information contained in this section has been developed through characterization by Harris Semiconductor and is for 
use as application and design aid only. These characteristics are not 100% tested and no product guarantee is implied. 


Typical Performance Curves Unless Otherwise Specified: Ta = +25°C, VguppLy = £15V 


CLOSED LOOP FREQUENCY RESPONSE FOR VARIOUS 
CLOSED LOOP GAINS OUTPUT VOLTAGE SWING vs. FREQUENCY 


ssc 


Baill ee +10V i a ani 


CO TTT Th | 
ae aa | 


ME 
a SS HU 
oo LTT a 
PET TTT 
CoS 
CO TTT 
CCS 

14) a 
CHICCn CCS 
GGL Gl 
a 8) 000 0 A 
so CLT TTT PS 
100 1K 10K 100K 1M 10M 100M 
FREQUENCY (Hz) 


CLOSED LOOPGAIN (dB) 


||| VsuPPLY +5V 


OUTPUT VOLTAGE SWING (VOLTS p-p) 
ns 


1K 10K 100K iM 10M 100M fe 

FREQUENCY (Hz) BO 

gk 

=c 

<3 

OUTPUT VOLTAGE SWING vs. LOAD RESISTANCE NORMALIZED AC PARAMETERS vs. TEMPERATURE a} 3 
©) 


OUTPUT VOLTAGE SWING (VOLTS p-p) 


NORMALIZED PARAMETERS REFERRED TO VALUES AT +259C 


6 
RESISTANCE (OQHMS) TEMPERATURE (°C) 


POWER SUPPLY CURRENT vs. 
SETTLING TIME FOR VARIOUS OUTPUT STEP VOLTAGES TEMPERATURE AND SUPPLY VOLTAGE 


Vsuppcy = +5V 


OUTPUT VOLTAGE STEP (VOLTS) 


SUPPLY CURRENT (mA) 


SETTLING TIME (ns) TEMPERATURE (°C) 


HA-2540 


DESIG N INFO RMATIO N (Continued) 


The information contained in this section has been developed through characterization by Harris Semiconductor and is for 
use as application and design aid only. These characteristics are not 100% tested and no product guarantee is implied. 


TYPICAL PERFORMANCE CHARACTERISTICS 


Device Characterized at: Supply Voltage = +15V, RL = 1k0, CL < 10pF, Ay = 10V/V, Unless Otherwise Specified. 


PARAMETERS 
Offset Voltage 


Average Offset Voltage Drift 


Differential Input Resistance 
Input Capacitance 


Input Noise Voltage Density 


Input Noise Current Density 


0.1Hz to 1MHz 


Broadband Noise 


Slew Rate 


VouT = +5V 


Full Power Bandwidth 


VPEAK = 10V 


Minimum Supply Voltage 


Application Information 


When using the HA-2540 for high frequency 
performance, care must be given in the system’s design to 
optimize this component’s use. High frequency layout 
techniques, ground planning, supply decoupling, and short 
lead lengths will help eliminate unwanted parasitic effects. A 
Suggested component’s choice for the feedback and input 
resistor is to keep their valve as small as possible, preferably 
less than 1kQ. Capacitive loading, which cause a loss of 
phase margin can be increased by adding series resistance 
in the output path. Closed loop gain of less than 10 should 
not be designed due also to a loss of phase margin. If circuits 
must be designed in lower gains, inverting methods are 
recommended. Output saturation to the -V rail which may 
cause regeneration or oscillation during saturation, should 
also be avoided. 


Open Loop 
louT = OmA 


oO” 
Il 
_ 
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Ay = -10VNV, 10V to 0.1% 


Functional Operation Only. 
Other Parameters Will Vary. 


DESIGN 


LIMIT UNITS 


Table 1 


TYPICAL 


+40°C 


= 
Lit 
=is]3 


on 
ai 
[e) 
O 
roy 
a 
— 
ie) 
ai 
[o) 
‘P, 

he) x 

sls 


Table 1 


=} 
Ss 


3 
Ss 
ala 
N N 


T 


a 


Table 2 V/us 


V/us 


Table 2 


= 
9 
Ae] 


-559C to +125°0C 
+259C 


Degree 
+25°C Table 3 


Table 1 mA 


= 


For other application suggestions, please refer to 
Application Note 541 which includes methods for 
DC error reductions, frequency compensation, higher 
output current and voltage circuits and other high frequency 
circuits. 


Heat Sinking 


Although not required for compliancy of /883, heat sinking is 
suggested in high ambient conditions ( > 75°C). Suggested 
models include thermalloy model 6007 or AAVID model 
5602B. Junction temperature should be maintained below 
+175°C. Further information is provided in Application Note 
556, and proper thermal resistance values are provided in the 
thermal information section. 
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HA-2541/883 


Wideband, Fast Settling, 


January 1989 Unity Gain Stable, Operational Amplifier 


Features 


e This Circuit is Processed in Accordance to Mil-Std- 
883 and is Fully Conformant Under the Provisions of 
Paragraph 1.2.1. 


e Unity Gain Bandwidth 
e High Slew Rate 


40MHz (Min) 


200V/us (Min) 
250V/us (Typ) 


2mvV (Max) 
90ns (Typ) 


3MHz (Min) 
4MHz (Typ) 


+10V (Min) 


e Low Offset Voltage 
e Fast Settling Time (0.1%) 
e Power Bandwidth 


e Output Voltage Swing 
e Unity Gain Stability 

® Monolithic Bipolar Dielectric Isolation Construction 
Applications 

e Pulse and Video Amplifiers 

e Wideband Amplifiers 

e High Speed Sample and Hold Circuits 

¢ Fast, Precise D/A Converters 

e High Speed A/D Input Buffer 


Pinout 


Description 


The HA-2541/883 is the first unity gain stable monolithic 
operational amplifier to achieve 4OMHz unity gain 
bandwidth. A major addition to the Harris series of high 
speed, wideband op amps, the HA-2541/883 is designed 
for video and pulse applications requiring stable amplifier 
response at low closed loop gains. 


The uniqueness of the HA-2541/883 is that its slew rate 
and bandwidth characteristics are specified at unity gain. 
Historically, high slew rate, wide bandwidth and unity gain 
stability have been incompatible features for a monolithic 
operational amplifier. But features such as 250V/us slew 
rate and 40MHz unity gain bandwidth clearly show that this 
is not the case for the HA-2541/883. These features, along 
with 90ns settling time to 0.1%, make this product an 
excellent choice for high speed data acquisition systems. 


High frequency or video systems which require precise D.C. 
retention are other applications of the HA-2541/883. Built 
using dielectric isolation, the HA-2541/883 is specified 
over the -55°C to +125°9C temperature range and is 
available in a Metal Can (TO-8) package. 


HA2-2541/883 (METAL CAN) 
TOP VIEW 


Case tied to V- 
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Specifications HA-2541/883 


Absolute Maximum Ratings 


Voltage Between V+ and V- Terminals................00000- 35V 
Differential Input Voltage...... 2... cc cee cece cece cece eee ecees 6V 
Voltage at Either Input Terminal .................cceeeee V+ to V- 
Peak Output Current (< 10% Duty Cycle) ................. 50mA 
Junction Temperature (¥.))-< 85s its. eos ce ena Et +175°9C 
Storage Temperature Range ................. -65°C to +150°C 
BU OMG 5 Dae nna ecs dacs soaked ab wks ce oe cee me < 2000V 
Lead Temperature (Soldering 10 sec).............00000e +275°9C 


CAUTION: Absolute maximum ratings are limiting values, applied 
individually beyond which the serviceability of the circuit may be impaired. 
Functional operability under any of these conditions is not necessarily 
implied. 


Thermal Information 


Thermal Resistance Sia Bic 
Metal Can Package ...........eeeeeees 50°C/W 30°C/W 
Package Power Dissipation Limit at +75°C For Ty < 175°C 


NEON CON PCH EOG 8 oo Soe os us 50d wines See e te ee 2wW 
Package Power Dissipation Derating Factor Above +75°C 
Metal Can Package ............. wks oxen tes ein 20mW/9C 


Recommended Operating Conditions 


Operating Temperature Range ............... -559C to +1259C 
Operating Supply Voltage .......... 0... cc eee eee +12V to +15V 


Ri > 1kN 


TABLE 1. D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 


Device Tested at: Supply Voltage = +15V, RSQURCE = 1002, RLOAD = 100kN, VouT = OV, Unless Otherwise Specified. 


D.C. PARAMETERS CONDITIONS 


SYMBOL 
Vio 


Input Offset Voltage 


Vom =O0V 


Input Bias Current Vom =0V 
+Rs = 11k 


-Rs = 1000 


Input Offset Current 


Vom = OV 
+Rs = 1.1k9 
~Rsg = 1.1k0 


Common Mode Range 


Large Signal Voltage Gain 


VouT = OV and +10V 
Ru = 1kN 


VouT = OV and -10V 
RL = 1kQ 


Common Mode Rejection AVcm = +10V 
Ratio +V = +5V 
-V = -25V 


VouT = -10V 


AVcm =~-10V 
+V=+25V 
-V=-5V 
VouT = +10V 


LIMITS 


GROUP A 


SUBGROUP | TEMPERATURE UNITS 


+25°C 


+1259C, -55°C 


BEBBooEE 


+25°C 


+125°9C, -55°C 


+25°9C 


re +1259C, -55°C 


+25°9C 


E 


die 


2,3 +125°0C, -55°0C 
+25°9C 
+1259C, -550C 
+25°9C 


+1259C, -559C 


+25°9C 


ok 
ro) 
< 
2 


+1250C, -55°C kV/V 
kV/V 


kV/V 


+259C 


+125°C, -55°C 


+259C 7 


oO 


+1259C, -55°C 70 


+25°9C 70 


+1259C, -55°0C 70 


CAUTION: This device is sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
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TABLE 1. D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 
Device Tested at: Supply Voltage = +15V, RSOURCE = 1002, RLOAD = 100k, VouT = OV, 


Unless Otherwise Specified. 
LIMITS 
GROUP A 


D.C. PARAMETERS SUBGROUP | TEMPERATURE | MIN, | MAX | UNITS 
Output Voltage Swing +VouT | RL =1kn ee ae ae eee SS 
i 
[aa | wercneste | | 10 
| a | srasec,-ssoc | 10 |= | ma 
| 23 | +1asec,-seec | - | -10 | ma 

8) 


A 
+125°9C, -55°C mA 


aaa Bor 
+PSRR AVsup = 10V 
+V = +5V,-V=-15V 
+V = +15V, -V = -15V 


AVsup = 10V 

+V = +15V, -V =-5V 

+V = +15V, -V = -15V 
+ViCAdj 
-VidAdj 


<i< 


<|< 


Output Current 


Quiescent Power 
Supply Current 


oO 


+25°C 


+1259C, -55°C 


Power Supply +25°C 70 
Rejection Ratio 
+1259C, -55°9C 70 


+25°9C 


+1259C, -55°9C 70 


+25°C Vio-1 
+25°C Vio+1 


Offset Voltage 
Adjustment 


TABLE 2. A.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 
Table 2 Intentionally Left Blank. See A.C. Specifications on Table 3. 
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HA-2541/883 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 
Device Characterized at: Supply Voltage = +15V, RLOAD = 1k, CLOAD < 10pF, Ay = 1V/V, Unless Otherwise Specified. 


LIMITS 
PARAMETERS SYMBOL CONDITIONS NOTES TEMPERATURE MIN | 
Differential Input Vom = OV 1 +250C 
Resistance 


a 
iaow [vere | 1 | vase [wo [= | we 
a see [vour=-sverw | +1 | wave [ao | 

Pour=vave-oy | + | vase [soo | - 


Minimum Closed Loop CLSG RL = 1kQ, CL < 10pF -559C to +125°C 
Stable Gain 


Figo & Fall Time TR 
tr [our=ove-t0onv | te 
Overshoot +OS VouT = OV to +200mV 
ima oral 


Quiescent Power VouT = OV, lout = OmA 
Consumption 


NOTES: 1. Parameters listed in Table 3 are controlled via design or process parameters and are not directly tested at final production. These parameters are 
lab characterized upon initial design release, or upon design changes. These parameters are guaranteed by characterization based upon data 
from multiple production runs which reflect lot to lot and within lot variation. 


PC 


. Full Power Bandwidth guarantee based on Slew Rate measurement using FPBW = Slew Rate/(2nVpe ax). 
. Quiescent Power Consumption based upon Quiescent Supply Current test maximum. (No load on outputs.) 
. Measured between 10% and 90% points. 


a & WOW ND 


. Offset adjustment range is [ Vio (Measured) + 1MV ] minimum referred to output. 
This test is for functionality only to assure adjustment through OV. 


TABLE 4. ELECTRICAL TEST REQUIREMENTS 


[niimiecvesParaneioe Peau [1 
Final Electrical Test Parameters 


* PDA applies to Subgroup 1 only. 
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Test Circuit (Applies to Table 1) 


<< V1 


1K FOR LOOP STABILITY, 
USE MIN VALUE CAPACITOR 
TO PREVENT OSCILLATION 
OPEN 2 9 
Si 1 
s2 1 
OPEN 20 


1K 


100 2100 


fe Eout 


BUFFER 


ALL RESISTORS = + 1% (0) 
ALL CAPACITORS = + 10% ([/F) 


OP AMPs & 
COMPARATORS 


For Detailed Information, Refer to HA-2541/883 Test Tech Brief 


Test Waveforms 
SIMPLIFIED TEST CIRCUIT FOR LARGE AND SMALL SIGNAL RESPONSE (Applies to Table 3) 


VIN Vout 
Vs = +15V 
500 1kQ Ay = +1 
CL < 10pF 
Note: No capacitive load, maintain 
parasitics less than 10pF. 
MEASURED LARGE SIGNAL RESPONSE MEASURED SMALL SIGNAL RESPONSE 
Vertical Scale: Input = 5V/Div., Output = 5V/Div. Vertical Scale: Input = 100mV/Div., Output = 50mV/Div. 
Horizontal Scale: Time: 50ns/Div. Horizontal Scale: 2Ons/Div. 


INPUT famine sone INPUT 


QUTPUT & OUTPUT | 
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Burn-In Circuits 


HA2-2541/883 TO-8 METAL CAN 


NOTES: 

Ry = Ro = 100k, +5%, 1/4W (Min) 

Rg = 1MQ, +5%, 1/4W (Min) 

C1 = Co = 0.01pyF/Socket (Min) or 0.1F/Row, (Min) 
D1 = Do = IN4002 or Equivalent/Board 

| (V+) - (V-) |= 30V 


Schematic Diagram 
BALANCE 


Q 
31 
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HA-2541/883 


Die Characteristics 


DIE DIMENSIONS: GLASSIVATION: 
89.8 x 79.5 x 19 mils Type: Silox 
(2280 x 2020 x 483 um) Thickness: 14kA + 1kA 
METALLIZATION: TRANSISTOR COUNT: 41 
ite Sati Hick PROCESS: High Frequency Bipolar Dielectric Isolation 
in eae DIE ATTACH: 
WORST SF at aah DENSITY: Material: Gold/Silicon Eutectic Alloy 
0.53 x 10°A/cm* @ 2.23mA Temperature: Metal Can — 420°C (Max) 


SUBSTRATE POTENTIAL (POWERED UP): V- 


Metallization Mask Layout 
HA-2541/883 


BAL BAL 


CD ow 


ioe = 


HA-2541 


OUTPUT 


OP AMPs & 
COMPARATORS 


+IN 


NOTE: Pin Numbers Correspond to 12 Pin TO-8 Metal Can Package Only. 
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HA-2541/883 


Packaging' 
12 PIN TO-8 METAL CAN 
130 
.150 
rl 
585 545 
615 .555 
LEAD MATERIAL: Type A INTERNAL LEAD WIRE: 
LEAD FINISH: Type C Material: Aluminum 
PACKAGE MATERIAL: Kovar Header with Diameter: 1.25 Mil 
Nickel Can Bonding Method: Ultrasonic 
PACKAGE SEAL: PACKAGE CASE VOLTAGE POTENTIAL: V- 
Material: No Seal Material COMPLIANT PACKAGE: None 
Temperature: Room Temperature PACKAGE USED: JEDEC ‘AB’ 


Method: Resistance Weld 


NOTE: All Dimensions are oe 


= 9 Dimensions are in inches. Tt Mil-M-38510 Compliant Materials, Finishes, and Dimensions. 
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w HARRIS HA-2541 


DESIGN INFORMATION Wideband, Fast Settling, 
Unity Gain Stable, Operational Amplifier 


The information contained in this section has been developed through characterization by Harris Semiconductor and is for 
use as application and design aid only. These characteristics are not 100% tested and no product guarantee is implied. 
Typical Performance Curves Unless Otherwise Specified: Ta = +25°C, VsyuppLy = £15V 


OFFSET VOLTAGE DRIFT WITH TEMPERATURE 
INPUT RESISTANCE vs. FREQUENCY Of 6 Representative Units 


INPUT RESISTANCE (OHMS) 
OFFSET VOLTAGE (mv) 


Hina : PEEP Seth 
acacia al 
0 30 


100 


OP AMPs & 
COMPARATORS 


TEMPERATURE (°C) 
NOISE DENSITY vs. FREQUENCY BIAS CURRENT DRIFT WITH TEMPERATURE 
Of 6 Representative Units 


Hz) 


net Per 
Set sriseaniinnt 


| ky =——e INPUT NOISE VOLTAGE 
a ee 


BIAS CURRENT (A) 


srciasin tat tl al 
eS as 


SSH HE 


a Oy 1 * 
ot ' ; Te ee ee 
TEMPERATURE (°C) 


INPUT NOISE CURRENT (pA/,/ Hz) 


INPUT NOISE VOLTAGE (nV/ 


FREQUENCY (Hz) 


AVERAGE OFFSET VOLTAGE DRIFT vs. TIME | OUTPUT VOLTAGE SWING vs. SUPPLY VOLTAGE 
16.2uV/Month Average At Various Temperatures 


— SS Ge 
cis 


SUPPLY VOLTAGE (+/-V) 
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HA-2541 


DESIGN INFORMATION (continueg) 


The information contained in this section has been developed through characterization by Harris Semiconductor and is for 
use as application and design aid only. These characteristics are not 100% tested and no product guarantee is implied. 


Typical Performance Curves unless Otherwise Specified: Ta = +25°C, Vgyppiy = £15V 


OUTPUT CURRENT vs. SUPPLY VOLTAGE 
REJECTION RATIOS vs. FREQUENCY At Various Temperatures 


ETE TT TT vsezasy TT 
a 2kQ 
cae riawasee (ELL | 


UT TAT ET ET 
HTT SEI 
HET TE TE Ee TT 
ME EEE EP 
MEP ET 
WET EP YY ET | 


OUT (mA) 


-§59C  -IguT | 
-louT 


100 10K 100K 10M + 
FREQUENCY (Hz) SUPPLY VOLTAGE(+/-V) 
SUPPLY CURRENT vs. SUPPLY VOLTAGE SLEW RATE vs. SUPPLY VOLTAGE 
At Various Temperatures Normalized with Vg = +15V at +25°9C 


lala 
Be GE EE oy 2 Bs 


SUPPLY CURRENT (mA) 

a & 

a4 

& 

J 

oO 
SS 
NORMALIZED SLEW RATE 


SUPPLY VOLTAGE (+/-V) 


PSRR vs. SUPPLY VOLTAGE CMRR vs. SUPPLY VOLTAGE 
Average of 3 Lots at Various Temperatures Average of 3 Lots at Various Temperatures 


122 


feiiaek The aati Tesh Gogo 2) 


or ak: 
at ee 3 
= _ 110 
= S 108 
& page| Sa b= a DR 
£ Spe ae A cb er re 
Se eae 
ae P48 ee 
ie = 
> a a 


SUPPLY VOLTAGE (+/-V) SUPPLY VOLTAGE (+/-V) 
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HA-2541 
DESIGN INFORMATION (continueg) 


The information contained in this section has been developed through characterization by Harris Semiconductor and is for 
use as application and design aid only. These characteristics are not 100% tested and no product guarantee is implied. 


Typical Performance Curves Unless Otherwise Specified: Ta = +25°C, VsuppLy = +15V 


CLOSE LOOP FREQUENCY RESPONSE vs. TEMPERATURE +/- OPEN LOOP GAIN vs. SUPPLY VOLTAGE 
At Vs = +8V Average of 3 Lots Over Temperature 
GAIN 
(dB) (DEGREES) 
veg on 
[aeae TIT Baill 


Avo_ (KV/vV) 


100K 1M 10M 100M SUPPLY VOLTAGE (+/-V) 
FREQUENCY (Hz) 
GAIN AND PHASE FREQUENCY RESPONSE SMALL SIGNAL BANDWIDTH vs. SOURCE RESISTANCE 
Vs = +15V, RL = 1k, CL < 10pF, Ta = +25°C Vg = £15V, RL = 1kO 
GAIN 


(dB) 
100 


mil 
a| 
nf 
“| 


tl 
[- IL Re / 
Cy. <10pF 
[.T=,-25%¢ ICES 


10 100 1K 10K 100K 1M 10M 100M 1K 10K 100K 1M 10M 100M 
FREQUENCY (Hz) FREQUENCY (Hz) 
OPEN LOOP cms Ay =-100 == =m Ay =-10 -—<- Ay=-1'‘==*" Rg = 062 meme Rg = 5k{2 =: om Rg = 50kQQ -—_-s 
SETTLING TIME TEST CIRCUIT SUGGESTED OFFSET VOLTAGE ADJUSTMENT 


SETTLING 
POINT 


VouT 


e Ay=-1 

e Feedback and Summing Resistors Must Be Matched (0.1%) 
e HP5082-2810 Clipping Diodes Recommended 

@ Tektronix P6201 FET Probe Used At Settling Point. +15mV with Ry = 100k. 


Tested Offset Adjustment Range is | Vog +1mV | minimum 
referred to output. Typical range is +7.5mV with Rr = 5kN, or 
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HA-2541 


DESIGN INFORMATION (continueg) 


The information contained in this section has been developed through characterization by Harris Semiconductor and is for 
use as application and design aid only. These characteristics are not 100% tested and no product guarantee is implied. 


TYPICAL PERFORMANCE CHARACTERISTICS 


Device Characterized at: Supply Voltage = +15V, Ry = 1kN, CL < 100pF, Ay = 1V/V, Unless Otherwise Specified. 


Average Offset Voltage Drift 


Input Noise Current Density 


Input Noise Voltage Density 


fo = 10Hz 


Settling Time Ay = -1V/V, 10V Step to 0.1% 
Ay=-IVN, 10V Step t0001% 


| owe 

| aa 
ora ea B= 
ee Pa 
a ee 
a 


Minimum Supply Voltage Functional Operation Only. +25°0C +8 
Other Parameters Will Vary. 


ae ee a 


a ee 

Gas a ee 

cr a es See 

por h ee a ae ae 

en ee 

[rarowraaain | eageiwy ——Sseoe stem | ns : 
1 


DESIGN 
TEMP TYPICAL LIMIT UNITS 


Te te cl pr 


% 


V/ 


pA/ 
A/ 


Ss 
a 
N 


3 
~ 


bo 


Es 


vD 


ala 


UD 


re ie 


Table 3 


Fab boom 


75 
0.1 
+7 


Applying the HA-25417 (Also see Applications Note 550) 


1, 


POWER SUPPLY DECOUPLING: Although _ not 
absolutely necessary, it is recommended that all power 
supply lines be decoupled with 0.01 uF ceramic 
capacitors to ground. Decoupling capacitors should be 
located as near to the amplifier terminals as possible. 


HEAT SINKING: Although not required for /883 
qualification, heat sinking is suggested in high ambient 
conditions. Recommended heat sinks include 
Thermalloy #2240A or #2268B for TO-8 Metal Can. 
Also review Application Note 556 for safe operating area 
information. Maximum power dissipation with load 
conditions must be designed to maintain the maximum 
junction temperature below +175°C. 


WIRING CONSIDERATIONS: Video pulse circuits 
should be built on a ground plane. Minimum point to 
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point connections directly to the amplifier terminals 
should be used. When ground planes cannot be used, 
good single point grounding techniques should be 
applied. 


OUTPUT SHORT CIRCUIT: HA-2541 does not have 
output short circuit protection. Short circuits to ground 
can be tolerated for approximately 10 seconds. Short 
circuits to either supply will result in immediate 
destruction of the device. 


HEAVY CAPACITIVE LOADS: When driving heavy ca- 
pacitive loads ( > 100pF) a small resistor ( ~ 1002) 
should be connected in series with the output and inside 
the feedback loop. 


Ga HARRIS 


HA-2542/883 


Wideband, High Slew Rate, 


January 1989 High Output Current, Operational Amplifier 


Features 


e This Circuit is Processed in Accordance to Mil-Std- 
883 and is Fully Conformant Under the Provisions of 
Paragraph 1.2.1. 


e Stable at Gains of 2 or Greater 
e Gain Bandwidth 

e High Slew Rate 

e High Output Current 

e Power Bandwidth 


70MHz (Min) 
300V/us (Min) 
100mA (Min) 
5.5MHz (Typ) 
+10V (Min) 

¢ Monolithic Bipolar Dielectric Isolation Construction 


e Output Voltage Swing 


Applications 


e Pulse and Video Amplifiers 

e Wideband Amplifiers 

e Coaxial Cable Drivers 

e Fast Sample and Hold Circuits 

e High Frequency Signal Conditioning Circuits 


Pinout 


Description 


The HA-2542/883 is a wideband, high slew rate, monolithic 
operational amplifier featuring an outstanding combination 
of speed, bandwidth, and output drive capability. 


Utilizing the advantages of the Harris D.I. technology this 
amplifier offers 350V/yus slew rate, 7OMHz gain bandwidth, 
and +100mA output current. Application of this device is 
further enhanced though stable operation down to closed 
loop gains of 2. 


For additional flexibility, offset mull and frequency 
compensation controls are included in the HA-2542/883 
pinout. 


The capabilities of the HA-2542/883 are ideally suited for 
high speed coaxial cable driver circuits where low gain and 
high output drive requirements are necessary. With 5.5MHz 
full power bandwidth, this amplifier is most suitable for high 
frequency signal conditioning circuits and pulse video 
amplifiers. Other applications utilizing the HA-2542/883 
advantages include wideband amplifiers and fast sample 
and hold circuits. The HA-2542/883 is specified over the 
-55°9C to +125°C military temperature range and is 
available in 12 lead (TO-8) package. 


HA2-2542/883 (METAL CAN) 
TOP VIEW 


Case tied to V- 
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Specifications HA-2542/883 


Absolute Maximum Ratings 


Voltage Between V+ and V- Terminals..............eeceeeee 35V 
ierential tiputvVonade o.5 0k: SG Os Een ccc ee cee 6V 
Voltage at Either Input Terminal ................ccecuees V+ toV- 
Peak Output Current (< 10% Duty Cycle) ................ 125mA 
pAURMCTIOTA TURAL By oot wen ns cce nasil ace docroumcncbeievinalin +175°9C 
Storage Temperature Range ................. -65°C to +150°C 
re OM nas «wine vie g She We saw vege Rees vasa eee < 2000V 
Lead Temperature (Soldering 10 sec)...........ceeeeeee +275°9C 


CAUTION: Absolute maximum ratings are limiting values, applied 
individually beyond which the serviceability of the circuit may be impaired. 
Functional operability under any of these conditions is not necessarily 
implied. 


Thermal Information 


Thermal Resistance Sia Bic 
Metal Can Package:........cessceccene 479C/W = 29°9C/W 
Package Power Dissipation Limit at +75°C For Ty < 175°C 


WOR IGaI POCKOUO 5, .. 5c sci scabs weccew denne eed tes coin 2.1W 
Package Power Dissipation Derating Factor Above +75°C 
WGI ON PUCKAOO. ss cic ko co Rue in a dinis's ooh s'gncer 21.4mW/°C 


Recommended Operating Conditions 


Operating Temperature Range ............... -55°C to +125°9C 
Operating Supply Voltage ..............ce cee cees +12V to +15V 


Ri > 1009 


TABLE 1. D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 


Device Tested at: Supply Voltage = +15V, RSgURCE = 1002, RLQAD = 100kQ, Vout = OV, Unless Otherwise Specified. 


D.C. PARAMETERS 


Input Offset Voltage 


Input Bias Current 


Vom = OV 
+Rs = 11k 
-Rs = 1002 


Input Offset Current Vom =0V 
+Rs = 11k 


-Rs = 1.1k9 


+AVOL 


+CMRR 
’-CMRR 


Common Mode Range 


V+ = 25V 
V- =-5V 


Large Signal Voltage Gain VouT = OV and +10V 


RL = 1kQ 


VouT = OV and -10V 


Ry = 1k 


Common Mode Rejection AVcom = +10V 
Ratio +V=+5V 
-V=-25V 


VouT = -10V 


AVcm = -10V 
+V = +25V 
-V=-5V 
VouT = +10V 


SYMBOL CONDITIONS 
Vom =O0V 


LIMITS 


GROUP A 
SUBGROUP 


TEMPERATURE 


= 
a eres 


er 
a 

eri 

atest apapaiamesdoree Lewes a 
oe ee ee eee 
Pas frre ae Toe To 
acne ea 
=e 
oN 


Ac [ «we | - [-w Pv 
ai Oe 


we Te To 


+1259C, -55°0C 


CAUTION: This device is sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
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HA-2542/883 


TABLE 1. D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


Device Tested at: Supply Voltage = +15V, RSOURCE = 100, RLOAD = 100kN, Vout = OV, 
Unless Otherwise Specified. 


D.C. PARAMETERS SYMBOL er ee 
Output Voltage Swing +VouT | RL=1kN 
-VOUT Ru = 1k 


+lout | VYout=-5V 
-louT | Vout=+5V 


LIMITS 


GROUP A 
SUBGROUP | TEMPERATURE 


UNITS 


+25°C 
+1259C, -55°C 
+25°9C 


+1259C, -55°C 


Output Current +259C 


+25°9C 


Quiescent Power +25°C 


Supply Current 
+1259C, -55°C 
+25°C 


+125°C, -55°C 


Power Supply +25°9C 70 


Rejection Ratio 


AVsup = 10V 
+V = +5V,-V =-15V 
+V = +15V, -V =-15V 


+1259C, -559C 


AVsup = 10V +25°9C 70 
+V = +15V, -V =-5V 


+V = +15V, -V = -15V 


+1259C, -559C 


Offset Voltage +25°9C 


Adjustment 


Vio-1 


+VIO Adi 
-VioAdi 


+25°9C 


_ ma 
Lima 
Lima 
Lm 
Lima 
Lima 
ees 
|e 
ai 5 
Es 
pv 
am 


Viot+1 


TABLE 2. A.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 
Table 2 Intentionally Left Blank. See A.C. Specifications on Table 3. 
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HA-2542/883 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 
Device Characterized at: Supply Voltage = +15V, RLOAD = 1kN, CLoaD < 10PF, Ay = 2V/V, Unless Otherwise Specified. 


LIMITS 
PARAMETERS SYMBOL CONDITIONS NOTES TEMPERATURE 
Differential Input Vom = OV 1 +25°9C 
Resistance 


Gain Bandwiath Product | BWP | Vo=200mvtg=ionre| 1 | 2500 
es a 
ee ee 


Minimum Closed Loop CLSG Ri = 1k, CL < 10pF -559C to +125°C 
Stable Gain 


pice & Fa Tine i Spd outeantgh 


Es 
mares ras 

ee 

Te rour=ore-zonmy | na | easeo 

[0s [Nour orie-aeany [1 ee 

= 
: ae 7 


Quiescent Power Vout = 9V, lout = OmA 
Consumption 


+25°9C 
-559C to +125°9C 
NOTES: 1. Parameters listed in Table 3 are controlled via design or process parameters and are not directly tested at final production. These parameters are 
lab characterized upon initial design release, or upon design changes. These parameters are guaranteed by characterization based upon data 
from multiple production runs which reflect lot to lot and within lot variation. 


UNITS 


~ 


V/us 


N N 


V/us 
MHz 


Vv, 


2 


10 


1.035 W 


. Full Power Bandwidth guarantee based on Slew Rate measurement using FPBW = Slew Rate/(2nVpe ax). 
. Quiescent Power Consumption based upon Quiescent Supply Current test maximum. (No load on outputs.) 
. Measured between 10% and 90% points. 


a - © N 


. Offset adjustment range is [ Vig (Measured) + 1MV ] minimum referred to output. 
This test is for functionality only to assure adjustment through OV. 


TABLE 4. ELECTRICAL TEST REQUIREMENTS 


* PDA applies to Subgroup 1 only. 
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HA-2542/883 


Test Circuit (Applies to Table 1) 


<i 2V1 


FOR LOOP STABILITY, 
USE MIN VALUE CAPACITOR 
TO PREVENT OSCILLATION 


100 >100 
3 Eout 


BUFFER 


ALL RESISTORS = + 1% (0) 
ALL CAPACITORS = + 10% (pF) 


For Detailed Information, Refer to HA-2542/883 Test Tech Brief 


” 
Test Waveforms 8G 
SIMPLIFIED TEST CIRCUIT FOR LARGE AND SMALL SIGNAL RESPONSE (Applies to Table 3) A a 
cc 
VIN Vs = +15V qc 
Vout Ay = +2 a. = 
5002 CL < 10pF “6 
50 bad 
5009 
MEASURED LARGE SIGNAL RESPONSE MEASURED SMALL SIGNAL RESPONSE 
Vertical Scale: Input = 2V/Div., Output = 2V/Div. Vertical Scale: Input = 50mV/Div., Output = 50mV/Div. 
Horizontal Scale: Time: 20ns/Div. Horizontal Scale: 2Ons/Div. 
—eev or Zen ’ telat — rr 
INPUT INPUT 
OUTPUT OUTPUT 
Ay = +2V/V, Ry = 1k 
SUGGESTED OFFSET VOLTAGE ADJUSTMENT 
SETTLING TIME TEST CIRCUIT FOR TABLE 3 AND COMPENSATION CONNECTIONS 


POINT 


VIN 


Ay = -2 
Feedback and Summing Resistors Must Be Matched (0.1%). 
HP5082-2810 Clipping Diodes Recommended. 

Tektronix P6201 FET Probe Used At Settling Point. 


For 0.01% settling time, heat sinking is suggested to reduce 
thermal effects and an analog ground plane with supply e Tested Offset Adjustment Range is|Vos +1mvV | Minimum Referred 


decoupling is suggested to minimize ground loop errors. To Output. Typical Range For Ry = 20k is Approximately +30mV. 


© Suggested compensation scheme 5-20pF 
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HA-2542/883 


Burn-In Circuits 


HA2-2542/883 TO-8 METAL CAN 


NOTES: 

Ry = Ro = 100k, +5%, 1/4W (Min) 

R3 = 1MQ, +5%, 1/4W (Min) 

Cz = Co = 0.01F/Socket (Min) or 0.1 uF/Row, (Min) 
Dy = Dp = IN4002 or Equivalent/Board 

| (V+) - (V-) |= 30V 


Schematic Diagram 


O O 


L 
R10 > R25 R12 < R26 
152 J 5kQ 7562S 5kQ 
P13 aPi4 | 0P34 arié | OP35 


( ) output 
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HA-2542/883 


Die Characteristics 


DIE DIMENSIONS: GLASSIVATION: 
106.3 x 72.8 x 19 mils Type: Nitride 
(2700 x 1850 x 483 um) Thickness: 7kA + 0.7kA 
METALLIZATION: TRANSISTOR COUNT: 43 
Lis oe ak sul PROCESS: High Frequency Bipolar Dielectric Isolation 
Sle: Lee DIE ATTACH: 
WORST ee eee ail DENSITY: Material: Gold/Silicon Eutectic Alloy 
0.4 x 10°A/cm< @ 1.67mA Temperature: Metal Can — 420°C (Max) 


SUBSTRATE POTENTIAL (POWERED UP): V- 


Metallization Mask Layout 


HA-2542/883 


BAL COMP 


V+ 


OUTPUT 


+IN 


NOTE: Pin Numbers Correspond to 12 Pin (TO-8) Metal Can Package Only. 
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HA-2542/883 


Packagin gt 
12 PIN TO-8 METAL CAN 
130 505 
750 550 100 027 
020 
040 
585 .545 
B15 555 
400 
BSC 
LEAD MATERIAL: Type A INTERNAL LEAD WIRE: 
LEAD FINISH: Type C Material: Aluminum 
PACKAGE MATERIAL: Kovar Header with Diameter: 1.25 Mil 
Nickel Can Bonding Method: Ultrasonic 
PACKAGE SEAL: . PACKAGE CASE VOLTAGE POTENTIAL: V- 
Material: No Seal Material COMPLIANT PACKAGE: None 
Temperature: Room Temperature PACKAGE USED: JEDEC ‘AB’ 
Method: Resistance Weld 
NOTE: All Dimensions are er , Dimensions are in inches. t Mil-M-38510 Compliant Materials, Finishes, and Dimensions. 
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@ HARRIS HA-2542 


DESIGN INFORMATION Wideband, High Slew Rate, 
High Output Current, Operational Amplifier 


The information contained in this section has been developed through characterization by Harris Semiconductor and is for 
use as application and design aid only. These characteristics are not 100% tested and no product guarantee is implied. 


Typical Performance Curves unless Otherwise Specified: Ta = +25°C, VguppLy = +15V 


INPUT NOISE VOLTAGE AND INPUT NOISE CURRENT vs. OFFSET VOLTAGE DRIFT WITH TEMPERATURE 
FREQUENCY Of Six Representative Units, Vg = +/-12V 
a Ef ry 1000 


INPUT NOISE VOLTAGE (nV/,/ Hz) 
INPUT NOISE CURRENT (pA/,/ Hz) 
OFFSET VOLTAGE (mv) 


Biissan 1 
100K TEMPERATURE (°C) 
FREQUENCY er. 


OP AMPs & 
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BIAS CURRENT DRIFT WITH TEMPERATURE 
INPUT RESISTANCE vs. FREQUENCY Of Six Representative Units, Vg = +/-12V 


PS th 


BIAS CURRENT (yA) 


a 
= 
= 
= 
ad 
o 
2 
<x 
= 
2 
” 
Aad 
c 
= 
> 
oh. 
— 


TEMPERATURE (°C) 
FREQUENCY (Hz) 


TIME DELAY 
AVERAGE OFFSET VOLTAGE DRIFT vs. TIME Vertical Scale: Volts: 100mV/Div. 


16.2uV/Month Average Horizontal Scale: Time: 10ns/Div. 
7 oy! | 


| Seal 
Vg = £15V, RL = 1k, T = +25°C 


Propagation delay variance is negligible over full temperature range. 
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HA-2542 
DESIGN INFORMATION (continue) 


The information contained in this section has been developed through characterization by Harris Semiconductor and is for 
use as application and design aid only. These characteristics are not 100% tested and no product guarantee is implied. 


Typical Performance Curves unless Otherwise Specified: Ta = +25°C, Vgyppiy = £15V 


BIAS CURRENT vs. POWER SUPPLY PSRR AND CMRR vs. TEMPERATURE 
Six Units At Various Supplies At +25°C Vs = +15V 


BIAS CURRENT (A) 
(dB) 


-60 40 -20 20 40 100 =120 
TEMPERTURE oe 


9 
SUPPLY VOLTAGE we 


SUPPLY CURRENT vs. SUPPLY VOLTAGE 
At Various Teipevatires PSRR AND CMRR vs. FREQUENCY 


oath 


SUPPLY CURRENT (Icc = mA) 


tones ieee ad GE a ° 


10 12 
SUPPLY VOLTAGE (+/-V) 100 1K 10K 
FREQUENCY (Hz) 


SLEW RATE vs. TEMPERATURE OPEN LOOP GAIN vs. TEMPERATURE 
At Various Supply Voltages With RLoag = 100 At Various Supply Voltages 


V/uSEC 
-AVOL (KV/V) 
& 


wea 
BNGHP 2 ome ek Sk 
Sub’ ceca? aanUOBEOOD 
eye SSSR eae ee ae 
Me ee Et ed 


TEMPERATURE °C -60 -40 -20 0 20 40 60 80 =6. 100 120 
TEMPERATURE (°C) 
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GAIN (dB) 


HA-2542 


DESIGN INFORMATION (continueg) 


The information contained in this section has been developed through characterization by Harris Semiconductor and is for 


use as application and design aid only. These characteristics are not 100% tested and no product guarantee is implied. 


Typical Performance Curves unless Otherwise Specified: Ta = +25°C, Vguppiy = +15V 


OUTPUT VOLTAGE SWING vs. SUPPLY VOLTAGE 
At Various Temperatures 


TT 
ne al 

5 mr a es 
2 Sites ova oom 
5 Rie Sel cla 
: Cae a ec 
= Sa aaa ae 
g Le a 
= ok oe 
: Cee FR kee 
— 

baat = 
i ea il 


SUPPLY VOLTAGE (+/-V) 


OUTPUT VOLTAGE SWING vs. FREQUENCY 
Vs = +15V 


BSS Ss 6s Sow See 
10 TS 


MAXIMUM SWING 
UNDISTORTED SWING 


Ry = 10022 


MAXIMUM SWING 


UNDISTORTED SWING 


AN 
TUE TL HN NUT 
LUTE LETTE PS 
.1 10 


40 100 
cheat sig 
FREQUENCY RESPONSE CURVES 


er q 
PTT 
COC Th 

IS 


0.1 0.2 03 0.5 1 r ae 5 10 
FREQUENCY (MHz) 


NORMALIZED AC PARAMETERS vs. 
COMPENSATION CAPACITANCE 


VALUE AT OpF 


COMPENSATION CAPACITANCE - pF 


OUTPUT VOLTAGE SWING vs. FREQUENCY 
Vs = +10V 


SWING 


Ry = 10082 
MAXIMUM SWING 


Hl UNDISTORTED SWING 
0.2 0.4 1 2. 3.4 
FREQUENCY (MHz) 


HA-2542 CLOSED LOOP GAIN vs. FREQUENCY AND 
TEMPERATURE AT Vs = +8V 


GAIN = +2 
Vs =+8V 
Re = 1k2 
CL <10pF 
Vin <90mV 


100K 1M 10M 100M 
FREQUENCY (Hz) 
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HA-2542 


DESIGN INFORMATION (continueg) 


The information contained in this section has been developed through characterization by Harris Semiconductor and is for 
use as application and design aid only. These characteristics are not 100% tested and no product guarantee is implied. 


TYPICAL PERFORMANCE CHARACTERISTICS 


Device Characterized at: Supply Voltage = +15V, RL = 1kN, Cy < 100pF, Ay = 2V/V, Unless Otherwise Specified. 


Average Offset Voltage Drift 


a 
co nd ee 
fo= | 
fo = 


Input Noise Voltage Density 


Input Noise Current Density 


Minimum Supply Voltage 


Output Resistance 


| PARAMETERS CONDITIONS 


Offset Voltage Vom = OV 


Applying the HA-2542 


‘A; 


POWER SUPPLY DECOUPLING: Although not 
absolutely necessary, it is recommended that all power 
supply lines be decoupled with 0O.01uF ceramic 
Capacitors to ground. Decoupling capacitors should be 
located as near to the amplifier terminals as possible. 


STABILITY CONSIDERATIONS: HA-2542 is stable at 
gains > 2. Gains < 2 are covered elsewhere in this data 
sheet. Feedback resistors should be of carbon 
composition located as near to the input terminals as 
possible. 


WIRING CONSIDERATIONS: Video pulse circuits 
should be built on a ground plane. Minimum point to 
point connections directly to the amplifier terminals 
should be used. When ground planes cannot be used, 
good single point grounding techniques should be 
applied. 
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Versus Temperature -559C to +125°9C 


100Hz 

VouT = +5V -55°C to +125°C 
Functional Operation Only. 
Other Parameters Will Vary. 


DESIGN 
LIMIT 


TYPICAL 


UNITS 
Table 1 mV 


Table 1 


+25°C 


= 


+40°C 


+25°C 
+25°9C 
+25°9C 


Table 3 


+25°C 
+25°9C 
+25°C 
+25°9C 
+259C 


_ 
oO 


+25°C 
+25°9C 
+25°9C 
+25°C 
+25°9C 
+25°C 
+25°C 


—s 


Table 3 


H+ 
on 


H- 
“NI 


4. OUTPUT SHORT CIRCUIT: HA-2542 does not have 


output short circuit protection. Short circuits to ground 
can be tolerated for approximately 10 seconds. Short 
circuits to either supply will result in immediate 
destruction of the device. 


HEAVY CAPACITIVE LOADS: When driving heavy ca- 
pacitive loads ( = 100pF) a small resistor ( ~ 1002) 
should be connected in series with the output and inside 
the feedback loop. 


HEAT SINKING: Although not required for /883 
qualification, heat sinking is suggested in high ambient 
conditions. Recommended heat sinks _ include 
Thermalloy #2240A or #2268B for TO-8 Metal Can. 
Also review Application Note 556 for safe operating area 
information. Maximum power dissipation with load 
conditions must be designed to maintain the maximum 
junction temperature below +175°9C. 


HA-2542 


DESIGN INFORMATION (continueg) 


The information contained in this section has been developed through characterization by Harris Semiconductor and is for 
use as application and design aid only. These characteristics are not 100% tested and no product guarantee is implied. 


Typical Applications 
(Refer to Application Note 552 for further information) 


The Harris HA-2542 is a state of the art monolithic device 
which also approaches the “ALL-IN-ONE” amplifier 
concept. This device features an outstanding set of AC 
parameters augmented by excellent output drive capability 
providing for suitable application in both high speed and 
high output drive circuits. 


Primarily intended to be used in balanced 509 and 752 
coaxial cable systems as a driver, the HA-2542 could also 
be used as a power booster in audio systems as well as a 
power amp in power supply circuits. This device would also 
be suitable as a small DC motor driver. 


Prototyping Guidelines 


For best overall performance in any application, it is 
recommended that high frequency layout techniques be 
used. This should include: 1) mounting the device 
through a ground plane; 2) connecting unused pins (N.C.) 
to the ground plane; 3) mounting feedback 
components on Teflon standoffs and/or locating these 
components as close to the device as possible; 4) placing 
power supply decoupling capacitors from device supply 
pins to ground. 


As a result of speed and bandwidth optimization, the 
HA-2542 can’s case potential, when powered-up, is equal 
to the V- potential. Therefore, contact with other circuitry or 
ground should be avoided. 


Frequency Compensation 


The HA-2542 may be externally compensated with a single 
capacitor to ground. This provides the user the additional 
flexibility in tailoring the frequency response of the amplifier. 
A guideline to the response is demonstrated on the typical 
performance curve showing the normalized A.C. 
parameters versus compensation capacitance. It is 
suggested that the user check and tailor the accurate 
compensation value for each application. As shown 
additional phase margin is achieved at the loss of slew rate 
and bandwidth. 


For example, for a voltage gain of +2 (or -1) and a load of 
500pF/2kQ, 20pF is needed for compensation to give a 
small signal bandwidth of 30MHz with 40° of phase margin. 
lf a full power output voltage of +10V is needed, this same 
configuration will provide a bandwidth of 5MHz and a slew 
rate of 200V/us. 


lf maximum bandwidth is desired and no. compensation is 
needed, care must be given to minimize parasitic 
capacitance at the compensation pin. ln some cases where 
minimum gain applications are desired, bending up or 
totally removing this pin may be the solution. In this case, 
care, must also be given to minimize load capacitance. 


For wideband positive unity gain applications, the HA-2542 
can also be over-compensated with capacitance greater 
than 30pF to achieve bandwidths of around 25MHz. This 
over-compensation will also improve capacitive load 
handling or lower the noise bandwidth. This versatility along 
with the +100mA output current makes the HA-2542 an 
excellent high speed driver for many power applications. 
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i HARRIS 


HA-2544/883 


Video Operational Amplifier 


January 1989 


Features 


e This Circuit is Processed in Accordance to Mil-Sitd- 
883 and is Fully Conformant Under the Provisions of 
Paragraph 1.2.1. 


e Wide Unity Gain Bandwidth 
e High Slew Rate 

@ Low Supply Current 

© Differential Gain Error 


45MHz (Min) 
100V/us (Min) 
12mA (Max) 
0.04dB (Max) 
0.11% (Max) 


© Gain Tolerance 
@ 3.58MHz or 4.43MHz 


¢ Fast Settling Time (10V to 0.1%) 


0.15dB (Max) 
120ns (Typ) 


Applications 


e Video Systems 

e Video Test Equipment 

e Radar Displays 

e Imaging Systems 

¢ Pulse Amplifiers 

¢ Signal Conditioning Circuits 
e Data Acquisition Systems 


Pinouts 


HA1-2544/883 (CERAMIC DIP) 
TOP VIEW 


HA4-2544/883 (CERAMIC LCC) 


Description 


The HA-2544/883 is a fast, unity gain stable, monolithic op 
amp designed to meet the needs required for accurate 
reproduction of video or high speed signals. It offers high 
voltage gain (3.5kV/V min, 6kV/V typ), wide unity gain 
bandwidth of 45MHz minimum and phase margin of 65 
degrees (open loop). Built from high quality Dielectric 
Isolation, the HA-2544/883 is another addition to the Harris 
series of high speed, wideband op amps, and offers true 
video performance combined with the versatility of an 
Op amp. 


The primary features of the HA-2544/883, include wide 
bandwidth, 150V/ys (typ) slew rate, < 0.05dB differential 
gain error, < 0.11 degrees differential phase error and gain 
tolerance of just 0.15dB at 3.58 MHz and 4.43MHz, 
therefore proving to be sufficient for video amplification. 
High performance and low power requirements are met with 
a supply current of only 10mA typically and 12mA over the 
full temperature range. 


Uses of the HA-2544/883 range from video test equipment 
guidance systems, radar displays and other precise 
imaging systems where stringent gain and phase 
requirements have previously been met with costly 
hybrids and discrete circuitry. The HA-2544/883 will 
also be used in non-video systems requiring high speed 
signal conditioning such as data acquisition systems, 
medical electronics, specialized instrumentation and 
communication systems. 


The HA-2544/883 is guaranteed over the military range of 
-55°C to +125°C and is offered in the 8 pin TO-99 Metal 
Can and Ceramic Mini-DIP or the 20 pad LCC. 


HA2-2544/883 (METAL CAN) 
TOP VIEW 


Case tied to V- 
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Specifications HA-2544/883 


Absolute Maximum Ratings Thermal Information 

Voltage Between V+ and V-Terminals..............0.0ee0e: 33V Thermal Resistance Bia Bic 
Differential Input Voltage (Note 8) .......... ccc cee cece cence 6V Ceramic DIP Package ................. 1299C/W 47°C/W 
Voltage at Either input Terminal .............. 0.02 cee V+ to V- Ceramic LCC Package ................ 92°C/W  32°C/W 
Peak Output Current (< 10% Duty Cycle) ...............6- 40mA Metal Can Package ..............2000- 1169C/W 35°9C/W 
PUINEON Temper Ane (1. §) a scb ain ons c.cca sae cpaeeh ogee ms +175°C Package Power Dissipation Limit at +75°C For Ty < 175°C 
Storage Temperature Range ..............06. -65°C to +150°C COROT TIE PCR OOO Ee. nh a nn penne a nin b ka 780mW 
Joo) Sa ees eee er rrr rr. Tree < 2000V COPEIMIC LGC PAGO e.g oc dores cbc es 50 cece apeahds fod 1.14W 
Lead Temperature (Soldering 10 sec).............2eeeee +275°9C Metal Can PACKBGG cides cass cnccheudincewasdieecaens 860mW 
CAUTION: Absolute maximum ratings are limiting values, applied Package Power Dissipation Derating Factor Above +75°C 
individually beyond which the serviceability of the circuit may be impaired. Ceramic DIP Package ..... 2... . see see ee eee eeeeees 7.8mW/°C 
Functional operability under any of these conditions is not necessarily Ceramic LCC Package ... 0.50... ce cce esse cccceees 11mW/°C 
implied. Metal Can Package ..........cccscccccccccccccces 8.6mW/°C 


Recommended Operating Conditions 


Operating Temperature Range ............... -559C to+125°9C = Vincm < 1/2 (V+ - V-) 
Operating Supply Voltage ...........cceesccncees #12Vto+15V Ry > 1kN 


TABLE 1. D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 


Device Tested at: Supply Voltage = +15V, RgouRCE = 102, RLOAD = 500kN, CLoap < 10PF, Vout = OV, 
Uniess Otherwise Specified. 


LIMITS 


| uMiTs e 

GROUP A ps O 

D.C. PARAMETERS SUBGROUP | MN | . <t 
<< 

Input Offset Voltage 15 m ou = 
[6 

V 6) 


input Bias Current 


Input Offset Current 


Common Mode Range 


Large Signal Voltage Gain VouT = OV and +10V 
Re = 1kN 


care 
te 


si 
2 


Vout = OV and -10V 
Ry = 1kN 


g 


Common Mode Rejection AVcM = +10V 75 
Ratio +V=+5V 
-V =-25V 75 
VouT = -10V 


AVcm = -10V 75 
+V = +25V 
-V =-5V 75 
Vout = +10V 


CAUTION: This device is sensitive to electrostatic discharge. Proper |.C. handling procedures should be followed. 
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TABLE 1. D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 
Device Tested at: Supply Voltage = +15V, RSOURCE = 102, RLOAD = 500k, CLoOAD < 10pF, Vout = OV, 


Unless Otherwise Specified. 
Output Voltage Swing +VouT | RL =1kN Bae eee oat 0 
peameremo| 


Foes ae Be 
“lout | VoutT=+10V 


ia Rae we 
+V = +10V, -V =-15V 
ie ey ae ee 


GROUP A 
SUBGROUP 


Output Current 


Quiescent Power 
Supply Current 


Power Supply 
Rejection Ratio 


+1259C, -55°9C 


+25°C 


esl oe 


+125°9C, -55°9C 


Offset Voltage 
Adjustment 


TABLE 2. A.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 
Device Tested at: Supply Voltage = +15V, RSOURCE = 1002, RLOAD = 1k, CLOAD < 10pF, Vout = 1V/V, 


Unless Otherwise Specified. 
LIMITS 
D.C. PARAMETERS SYMBOL CONDITIONS TEMPERATURE | min, | MAX | UNITS 
[ee [= [we 


Slew Rate | +sR_ | VouT = -3V to +3V 


GROUP A 
SUBGROUP 
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TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 
Device Characterized at: Supply Voltage = +15V, RLOAD = 1k, CLoap < 10pF, Ay = 1V/V, Unless Otherwise Specified. 


LIMITS 
PARAMETERS SYMBOL CONDITIONS NOTES TEMPERATURE UNITS 
Differential Gain Rs = 500, Ru = 1k 455, 75 +25°C 
fo = 3.58MHz and 4.43MHz 9,11 
Differential Phase Rs = 50, Ru = 1k 1,5, +25°C Degrees 
fo = 3.58MHz and 4.43MHz 7,9 


Unity Gain Bandwidth | UGBW | Vo=200mVpms,f @ -3dB ee a ee | MHz | 


0 


O10 
— 
ai 


Full Power Bandwidth +25°C 


= 
oO 
© 


FPBW VPEAK = 1V 
VPEAK = 5V +25°9C 


dAy 
AAy 
Minimum Closed Loop CLSG Ri = 1k, CL < 1pF -55°C to +125°9C 1 
Stable Gain 
i a 


a 
Rise & Fall Time Vout = OV to +200mV 1,4 15 
Ps eee Vout = OV to -200mV +25°9C 


TF 
Ts 
PC 


15 


Go 
De) 


oe 
[0s [vour=ovie-zoomv [+ | ao 
[1s [ wasweraroveem | + | a 


Settling Time 


Output Resistance ROUT Open Loop 


Quiescent Vout = OV, lout = OMA -55°C to +125°9C 
Power Consumption 


NOTES: 1. Parameters listed in Table 3 are controlled via design or process parameters and are not directly tested at final production. These parameters are 
lab characterized upon initial design release, or upon design changes. These parameters are guaranteed by characterization based upon data 
from multiple production runs which reflect lot to lot and within lot variation. 


3 


. Full Power Bandwidth guarantee based on Slew Rate measurement using FPBW = Slew Rate/(2nVpe ak). 
. Quiescent Power Consumption based upon Quiescent Supply Current test maximum. (No load on outputs.) 
. Measured between 10% and 90% points. 


. Sample tested on every lot. 


oOo na & WD N 


. Offset adjustment range is | Vig (Measured) + 1MV } minimum referred to output. 
This test is for functionality only to assure adjustment through OV. 


be | 


. The video parameter specifications will degrade as the output load resistance decreases. 


8. To achieve optimum AC performance, the input stage was designed without protective diode clamps. Exceeding ithe maximum differential 
input voltage results in reverse breakdown to the base-emitter junction of the input transistors and probable degradation of the input 
parameters especially Vos, log and Noise. 


9. Test signal used is 200mVpys at each frequency on a O and 1 volt offset. For adaquate test repeatability, a minimum warm-up of 2 
minutes is suggested. 


10. C-L Gain and C-L Delay was less than the resolution to the test equipment used which is 0.1dB and 7ns, respectively. 
Ap (dB) ; 


20 
11. Ap(%) = Lio «4 x 100 


TABLE 4. ELECTRICAL TEST REQUIREMENTS 


MIL-STD-883 TEST REQUIREMENTS SUBGROUPS (SEE TABLES 1 & 2) 
Interim Electrical Parameters (Pre Burn-in) ieee ee | 


Final Electrical Test Parameters 1", 23; 4 Overt 
Group A Test Requirements 1,230,456, 7 


* PDA applies to Subgroup 1 only. 
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Test Circuit (Applies to Table 1) 


FOR LOOP STABILITY, 
USE MIN VALUE CAPACITOR 
TO PREVENT OSCILLATION 


ALL RESISTORS = + 1% (2) 
ALL CAPACITORS = + 10% (uF) 


For Detailed Information, Refer to HA-2544/883 Test Tech Brief 


Test Waveforms 


SIMPLIFIED TEST CIRCUIT FOR LARGE AND SMALL SIGNAL RESPONSE (Applies to Tables 2 and 3) 


+ Vs 
VIN 
502 
= Vs 
MEASURED LARGE SIGNAL RESPONSE 
Vertical Scale: (2V/Div.) 
Horizontal Scale: Time: 20ns/Div. 
INPUT 
OUTPUT | 
Ay = +1V/V, RL = 1k9 
SETTLING TIME TEST CIRCUIT FOR TABLE 3 
SETTLING 
POINT 
VIN 

VouT 


e Ay =-1 
¢ Feedback and Summing Resistors Must Be Matched (0.1%). 
¢ HP5082-2810 Clipping Diodes Recommended. 

® Tektronix P6201 FET Probe Used At Settling Point. 


Vs = +15V, Ay = +1 

Ry = 1kM, Cy < 10pF 

Vin for Large Signal = +3V, 
CL RL Vin for Small Signal = 0 to 

b +200mV and 0 to -200mV 


VouT 


MEASURED SMALL SIGNAL RESPONSE 
Vertical Scale: (100mV/Div.) 
Horizontal Scale: Time: 20ns/Div. 


INPUT 


OUTPUT 


3. 


Ay = +1V/V, Ry = 1kN 
Note: Tested on both positive and negative edges. 


OFFSET VOLTAGE ADJUSTMENT CONNECTIONS 


Tested Offset Adjustment Range is lVos +1mV| Minimum Referred 
To Output. Typical Range For Ry = 20kN is Approximately +30mV. 
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Burn-In Circuits 


HA7-2544/883 CERAMIC DIP 


HA4-2544/883 CERAMIC LCC 


OP AMPs & 
COMPARATORS 


HA2-2544/883 TO-99 METAL CAN 
+V 


NOTES: 

Ry = 1MQ, +5%, 1/4W (Min) 
Cy = Co = 0.01pF/Socket (Min) or 0.1 F/Row, (Min) 
Cg = 0.01yF/Socket, 10% 

Dy = Dp = IN4002 or Equivalent/Board 


| (V+) - (V-) |= 30V 
(Cg is not required for HA-2544/883 compensation. It is shown here as standard pinout fixturing from B.I. boards used.) 
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Schematic Diagram 


+INPUT 


R24 
2002 
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Die Characteristics 


DIE DIMENSIONS: GLASSIVATION: 
79.9 x 64.2 x 19 mils Type: Nitride 
(2030 x 1630 x 483 um) Thickness: 7kA + 0.7kA 
METALLIZATION: TRANSISTOR COUNT: 44 
dis seme nse) a PROCESS: High Frequency Bipolar Dielectric Isolation 
hickness: 16kKA + DIE ATTACH: 
WORST pares Sorain his DENSITY: Material: Gold/Silicon Eutectic Alloy 
0.3 x 10°A/cm Temperature: Ceramic DIP — 460°C (Max) 
SUBSTRATE POTENTIAL (POWERED UP): V- Ceramic LCC — 420°C (Max) 


Metal Can — 4209C (Max) 


Metallization Mask Layout 


HA-2544/883 


OP AMPs & 
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+IN 


NOTE: Pin Numbers Correspond to Ceramic Mini-DIP and 8 Pin (TO-99) Metal Can Packages Only. 
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NOTE: All Dimensions are 


HA-2544/883 


Packaging * 


8 PIN CERAMIC DIP 


245 
-265 


— 


.290 


.310 
‘ ce 
~~ .008 15° 
-100 .015 
BSC 


* INCREASE MAX LIMIT BY .003 INCHES 
MEASURED AT CENTER OF FLAT FOR 
SOLDER FINISH 


20 PAD CERAMIC LCC 


ors} f 


-089 


8 PIN TO-99 METAL CAN 


505 
560 


oro 
045 


210 


*Dimension Maximum Limits Are Increased by 0.003 inches for Solder Dip Finish 


Min . ; sae 
, Dimensions are in inches. 
x 
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LEAD MATERIAL: Type B 
LEAD FINISH: Type A 
PACKAGE MATERIAL: Ceramic, 90% Alumina 
PACKAGE SEAL: 

Material: Glass Frit 

Temperature: 450°C + 10°C 

Method: Furnace Seal 
INTERNAL LEAD WIRE: 

Material: Aluminum 

Diameter: 1.25 Mil 

Bonding Method: Ultrasonic 
COMPLIANT OUTLINE: 38510 D-4 


PAD MATERIAL: Type C 
PAD FINISH: Type A 
FINISH DIMENSION: Type A 
PACKAGE MATERIAL: Ceramic, 90% AlgO03 
PACKAGE SEAL: 
Material: Gold/Tin (80/20) 
Temperature: 320°C + 10°C 
Method: Furnace Braze 
INTERNAL LEAD WIRE: 
Material: Aluminum 
Diameter: 1.25 Mil 
Bonding Method: Ultrasonic 
COMPLIANT OUTLINE: 38510 C-2 


LEAD MATERIAL: Type A 
LEAD FINISH: Type C 
PACKAGE MATERIAL: Kovar Header with 
Nickel Can 
PACKAGE SEAL: 
Material: No Seal Material 
Temperature: Room Temperature 
Method: Resistance Weld 
INTERNAL LEAD WIRE: 
Material: Aluminum 
Diameter: 1.25 Mil 
Bonding Method: Ultrasonic Bonded 
COMPLIANT OUTLINE: 38510 A-1 


tT Mil-M-38510 Compliant Materials, Finishes, and Dimensions. 
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DESIGN INFORMATION 


HA-2544 


Video Operational Amplifier 


The information contained in this section has been developed through characterization by Harris Semiconductor and is for 
use as application and design aid only. These characteristics are not 100% tested and no product guarantee is implied. 


Typical Performance Curves Unless Otherwise Specified: Ta = +25°C, VguppLy = +15V 


INPUT NOISE VOLTAGE AND NOISE CURRENT vs. INPUT OFFSET VOLTAGE vs. TEMPERATURE 
FREQUENCY 3 Typical Units 


sO eee 

SEE arcane 4 hiaenpencsce G2ccause 
ii Si orerone SPUGRERRSERRRRERESEE= 
citi 11 ee Hl meet tT 

nC Ith a er ee aa 


-60 -40 -20 0 20 40 60 80 100 120 140 
TEMPERATURE (°C) 


Hz) 
Hz) 


_ 
—J 
o 


= 


esl 


vba VOLTAGE (mv) 


_ 
o 


INPUT NOISE VOLTAGE (nV/ 
INPUT NOISE CURRENT (pA/ 


100 
FREQUENCY (Hz) 


OP AMPs & 
COMPARATORS 


BROADBAND NOISE INPUT BIAS CURRENT vs. TEMPERATURE 
Ay = 1000, 0.1Hz to 10Hz, Noise Voltage = 0.97pVp-p Vs = +15V, RL = 1kN 


15 
HERBS SSE eRREs ERE SE 
GRRSRSNSHGK SESE eR AwE 
HEBANERSs 22 w28EF 


BIAS CURRENT(//A) 


ee 


-60 -40 -20 20 40 60 80 100 120 140 
TEMPERATURE (°C) 


PSRR AND CMRR vs. TEMPERATURE OPEN LOOP GAIN vs. TEMPERATURE 
Vs = +15V, RL = 1kN Vs = +15V, RL = 1k 


CT seer 
Corer CC 


PSRR & CMRR (dB) 
OPEN LOOP GAIN (KV/V) 


iy bi 
2 et a 
BRAG SS 
20 40 60 80 100 120 - 20 40 «460 «680100120 140 


TEMPERATURE (°C) TEMPERATURE (°C) 
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DESIGN INFORMATION (continuea) 


The information contained in this section has been developed through characterization by Harris Semiconductor and is for 
use as application and design aid only. These characteristics are not 100% tested and no product guarantee is implied. 


Typical Performance Curves unless Otherwise Specified: Ta = +25°C, Vgyppiy = +15V 


OUTPUT VOLTAGE SWING vs. SUPPLY VOLTAGE FREQUENCY RESPONSE AT VARIOUS GAINS 
(Over Full Temperature) ~ Rg = 1k, Ry = 1kO, Vg = +15V 
GAIN 
12 
w [|_| a “a SACS GHEE SS il 
glee: open Loop Jihad ||| | AL=1«2 | {| 


BEE 
RAL, 


>: a see ll 
eb | 


ie 


ER OPEN LOOP Na 


; OUTPUT VOLTAGE SWING (+/-Vv) 
Bin oN. & 


— 


PHASE MARGIN 


= 


100 1K 10K 100K 1M 10M 100M 
FREQUENCY (Hz) 


SUPPLY VOLTAGE (+V) 


OUTPUT CURRENT vs. SUPPLY VOLTAGE OPEN LOOP RESPONSE vs. SUPPLY VOLTAGE 
(Over Full Temperature) VouT = +100mV 
GAIN 
dB 
80 ore 
‘ ner at 
2 Bin. 


ae 
2 ct He =m 


A 
| 
* —t 
oS 
sah 
lee 


OUTPUT CURRENT SWING (mA) 


HH 


L H 10K 100K 1M 10M 100M 


SUPPLY VOLTAGE (+ V) FREQUENCY (Hz) 


SUPPLY CURRENT vs. SUPPLY VOLTAGE VOLTAGE FOLLOWER RESPONSE vs. SUPPLY VOLTAGE 
Normalized at Vg = +15V at +25°C Ay = +1, RL = 1K, CL < 10pF 


can | | | AT TET] 
(dB) = 
swoony (UH | tT Ey 
Se eee le EE | 
<10pF 


HEnAnusseasicn 
tN 


PHASE 
po 


oH SR aE lp ablig he 
-= sv | TT 
Beira CIC a 
PLATE TTT TET TS en 


100 1K 10K 100K 1M 10M 100M 
FREQUENCY (Hz) 


-450 


-1800 


SUPPLY VOLTAGE (+ Vv) 
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DESIGN INFORMATION (continueg) 


The information contained in this section has been developed through characterization by Harris Semiconductor and is for 
use as application and design aid only. These characteristics are not 100% tested and no product guarantee is implied. 


Typical Video Performance Curves Unless Otherwise Specified: Ta = +25°C, Vgyppiy = £15V 


A.C. GAIN VARIATION vs. D.C. OFFSET LEVELS A.C. PHASE VARIATION vs. D.C. OFFSET LEVELS 
(Differential Gain) (Differential Phase) 


PHASE CHANGE (DEGREES) 


3 
D.C. VOLTAGE LEVEL D.C. VOLTAGE LEVEL 

DIFFERENTIAL GAIN DIFFERENTIAL PHASE 2 
NTSC Method, Ry = 1k NTSC Method, Ru = 1kQ 8 O 
Differential Gain < 0.05% at Ta = +75°C Differential Phase < 0.05 Degree at Ta = +75°9C & = 
No Visual Difference at Ta = -55°C of +125°C No Visual Difference at Ta = -55°C or +125°C = = 
"5 
oO 


CHROMINANCE TO LUMINANCE DELAY 


GAIN TOLERANCE NTSC Method, Ry = 1kN 
Ay = +1, Vin = £100mV C-L Delay < 7ns at Ta = +75°C 
Ri = 1K, CL < 10pF No Visual Difference at Ta = -55°C or +1259C 


TOI 
COI 
CCA 
COCCI 
CCHIT 
STITT IN IT 
COICO IT 
CCIE 
CCI 
CHIC Ne 


100 1K 10K 100K 1M 10M = 100M OUTPUT 
FREQUENCY (Hz) 


INPUT 


AIN TOLERANCE (dB) 
bo 
os & 


Vertical Scale: Input = 100mV/Div. 
Output = 50mV/Div. 
Horizontal Scale: 500ns/Div. 
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DESIGN INFORMATION (continuea) 


The information contained in this section has been developed through characterization by Harris Semiconductor and is for 
use as application and design aid only. These characteristics are not 100% tested and no product guarantee is implied. 


Typical Video Performance Curves (Continued) Unless Otherwise Specified: Ta = +25°C, Vsyppry = £15V 


+2 VOLT OUTPUT SWING 
With RLOAD = 752 (frequency = 5.00MHz) 


aks Se Se Re ee eS 
cau ae ccumneee a 
ce tN ee As 


VIN = 2.0V/Div., VoyuT = 2.0V/Div. 
Timebase = 50ns/Div. 


Applications And Product Guidelines 


The HA-2544 is a true differential op amp that is as versatile 
as any op amp but offers the advantages of high unity gain 
bandwidth, high speed and low supply current. More 
important than its’ general purpose applications is that the 
HA-2544 was especially designed to meet the 
requirements found in a video amplifier system. These 
requirements include fine picture resolution and accurate 
color rendition, and must meet broadcast quality standards. 


In a video signal, the video information is carried in the 
amplitude and phase as well as in the D.C. level. The 
amplifier must pass the 30Hz line rate luminance level and 
the 3.58MHz (NTSC) or 4.43MHz (PAL) color band without 
altering phase or gain. The HA-2544’s key specifications 
aimed at meeting this include high bandwidth (S5O0MHz), 
very low gain tolerance (< +0.15dB at 5MHz), near 
unmeasurable differential gain and differential phase 
(< 0.04dB and 0.11 degrees), and low noise (20nV/\/Hz ). 
The HA-2544 meets these quidelines and are sample 
tested for standard grade product (/883, -2, -7, -5) at 5 
and/or 10MHz. If a customer wishes to 100% test these 
specifications, arrangement can be made. 


The HA-2544 also offers the advantage of a full output 
voltage swing of 10V into a 1K ohm load. This equates to a 
full power bandwidth of 2.4MHz for this +10V signal. If 
video signal levels of +2V maximum is used (with Ry = 1K 
ohm), the full power bandwidth would be 11.9MHz without 
clipping distortion. Another usage might be required for a 
direct 50 ohm or 75 ohm load where the HA-2544 will still 
swing this +2V signal as shown in the above display. One 
important note that must be realized is that as load 
resistance decreases the video parameters are also 
degraded. For optimal video performance a 1kQ load is 
recommended. 


If lower supply voltage are required, such as +5V, many of 
the characterization curves indicate where the parameters 
vary. As shown the bandwidth, slew rate and supply current 
are still very well maintained. 


BANDWIDTH vs. LOAD CAPACITANCE 
Ay = +1, Vg = +15V, RL = 1k 


ANDWIDTH | PHASE 
si ‘3dB) 


| “CLiPF) i 


VOLTAGE GAIN (dB) 


ret: 
an 


8 
PHASE SHIFT (DEGREES) 


Prototyping and PC Board Layout 


When designing with the HA-2544 video op amp as with 
any high performance device, care should be taken to use 
high frequency layout techniques to avoid unwanted 
parasitic effects. Short lead lengths, low source impedance 
and lower value feedback resistors help reduce unwanted 
poles or zeros. This layout would also include ground plane 
construction and power supply decoupling as close to the 
supply pins with suggested parallel capacitors of 0.1 uF 
and 0.001yF ceramic to ground. 


In the noninverting configuration, the amplifier is sensitive to 
stray Capacitance (< 40pF) to ground at the inverting input. 
Therefore, the inverting node connections should be kept to 
a minimum. Phase shift will also be introduced as load 
parasitic capacitance is increased. A small series resistor 
(20 ohm to 100 ohm) before the capacitance effectively 
decouples this effect. 


Stability/Phase Margin/Compensation 


The HA-2544 has not sacrificed unity gain stability in 
achieving its superb AC performance. For this device, the 
phase margin exceeds 60 degrees at the unity crossing 
point of the open loop frequency response. Large phase 
margin is critical in order to reduce the differential phase 
and differential gain errors caused by most other op amps. 
Because this part is unity gain stable, no compensation pin 
is brought out. If compensation is desired to reduce the 
noise bandwidth, most standard methods may be used. 
One method suggested for an inverting scheme would be a 
series R-C from the inverting node to ground which will 
reduce bandwidth, but not effect slew rate. If the user 
wishes to achieve even higher bandwidth (> 50MHz), and 
can tolerate some slight gain peaking and lower phase 
margin, experimenting with various load capacitance can 
be done. 
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DESIGN INFORMATION (Continued) 


The information contained in this section has been developed through characterization by Harris Semiconductor and is for 
use as application and design aid only. These characteristics are not 100% tested and no product guarantee is implied. 


TYPICAL PERFORMANCE CHARACTERISTICS 


Device Characterized at: Supply Voltage = +15V, Ry = 1kN, Cy < 10pF, Ay = 1V/V, Unless Otherwise Specified. 


DESIGN 
PARAMETERS CONDITIONS TEMP TYPICAL LIMIT 


Average Offset Voltage Drift Versus Temperature ea es oe ee 15 


Vom = 0V 0.2 Table 1 


mV 
uV/0C 
Bias Current 


Average Bias Current Drift 
Offset Current 


= 
> 


Common Mode Range 
Differential Input Resistance 


Differential Input Capacitance 


a 


Input Noise Voltage Density 


Input Noise Current Density 


+ 
nm 
on 

Oo 


OdB GBWP Crossing 


VPEAK = 5V +25°C 
Oven Ce 
VouT= #2060260 
Vout = +200mvV, -200mV Table 3 
VouT = -5V to +5V Table 2 
Vout = +5V to -5V Peace ee Table 2 
Ay =-1VN, 10V to 0.1% Po eee sf NO. <4 
Ay = -1V/, 10V to 0.01% | +250 | 120 
Rs = 502 to 75N, Notes 7 and 9 | +250C | 005 Tabie 3 
ere 
he a 
Oe 
ie 


Large Signal Voltage Gain 


Eien 
ie as 
aaa 
oe 


CMRR 
Gain Bandwidth Product 


Phase Margin Degrees 


< 


Output Voltage Swing 
Full Power Bandwidth 
Peak Output Current 
Output Resistance 
Rise/Fall Time 

+ Overshoot 


m 


+ Slew Rate V/us 


- Slew Rate V/s 


Settling Time 


Differential Phase Degrees 


oS! 
o 
® 
@ 
Hel {ele lel) a| {fe 


Degrees 


Rg = 1k, Notes 7 and 9 
Rs = 502 to 752, Notes 7, 9, 11 
Rs = 1k2, Notes 7, 9, 11 
Note 10 
Supply Current lout = OmA Table 1 
PSRR AVs = £10V to +20V Tabie 1 


Minimum Supply Voltage Functional Operation Only. +25°C 
Other Parameters Will Vary. 


Differential Gain Table 3 


Chrominance to Luminance Gain 


Chrominance to Luminance Delay 


Gain Tolerance 


> 


m 


Saturation Recovery Time Full Saturation 


or 
H 
fon) 
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HA-2602/883 


Wideband, High Impedance 
Operational Amplifiers 


ig HARRIS 


January 1989 


Features 


e This Circuit is Processed in Accordance to Mil-Std- 
883 and is Fully Conformant Under the Provisions of 
Paragraph 1.2.1. 


¢ High Input Impedance (HA-2600/883) .... 100MQ Min 


SOOM] Typ 


4V/us Min 
7V/us Typ 


¢ Low Input Bias Current (HA-2600/883) ....10nA Max 
1nA Typ 


_ © Low Input Offset Voltage (HA-2600/883) .. 4mV Max 
e Wide Unity Gain Bandwidth 12MHz Typ 


¢ High Slew Rate 


¢ Output Short Circuit Protection 


Applications 

¢ Video Amplifer 

¢ Pulse Amplifier 

® High-Q Active Filters 

e High Speed Compartators 


¢ Low Distortion Oscillators 


Pinouts 

HA7-2600/883 (CERAMIC MINI-DIP) 

HA7-2602/883 (CERAMIC MINI-DIP) 
TOP VIEW 


HA4-2602/883 (CERAMIC LCC) 


Description 


HA-2600/883 and HA-2602/883 are __internally 
compensated bipolar operational amplifiers that feature 
very high input impedance coupled with wideband AC 
performance. The high resistance of the input stage is 
complemented by low offset voltage (4mVmax @ +25°C for 
HA-2600/883) and low bias and offset current (10nA max 
@+25°C for HA-2600/883) to facilitate accurate signal 
processing. Offset voltage can be reduced further by means 
of an external nulling potentiometer. The 4V/us minimum 
slew rate @ +25°C and the minimum open loop gain of 
100kV/V @ +25°C enables the HA-2600/883 to perform 
high gain amplification of fast, wideband signals. These 
dynamic characteristics, coupled with fast settling times, 
make these amplifiers ideally suited to pulse amplification 
designs as well as high frequency or video applications. The 
frequency response of the amplifier can be tailored to exact 
design requirements by means of an external bandwidth 
control capacitor. Other high performance designs such as 
high gain, low distortion audio amplifiers, high-Q and 
wideband active filters and high speed comparators, are 
excellent uses of this part. 


The HA-2600/883 and the HA-2602/883 are available as 
MIL-STD-883 compliant devices screened to class B level. 
These devices are sensitive to electrostatic discharge and 
are in microcircuit group number 49 (see MIL-M-38510, 
Appendix E). The HA-2600/883 and the HA-2602/883 


have guaranteed operation over the military temperature 
range from -55°0C to +125°C and are available in 
8 pin Metal Can and Ceramic Mini-DIP packages. The 
HA-2602/883 is also available in a 20 pin Ceramic LCC 
package. 


HA2-2600/883 (METAL CAN) 
HA2-2602/883 (METAL CAN) 
TOP VIEW 
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Specifications HA-2600/883 HA-2602/883 


Absolute Maximum Ratings 


Voltage Between V+ and V- Terminals. ............0eeeeeeee 40V 
Diterentatinput Vonage cscs es. occ cc cc ecb ens scas 12V 
Voltage at Either Input Terminal ...............0eee cence V+ to V- 
Peak Output Current ................ Full Short Circuit Protection 
Junction Tamperature (Ty) onc. caanwenece © omeucecenesamees +175°C 
Storage Temperature Range ..............05. -§59C to +150°C 
ESD. Rating......gerrcrsie ree cadens iris otis or err erNs < 2000V 
Lead Temperature (Soldering 10 sec)..........eeeeeeeees 275°C 


CAUTION: Absolute maximum ratings are limiting values, applied 
individually beyond which the serviceability of the circuit may be impaired. 
Functional operability under any of these conditions is not necessarily 
implied. 


Thermal Information 


Thermal Resistance Bia Bic 
Ceramic DIP Package ...............5. 136°C/W = 58°C/W 
Ceramic LCC Package ................ 98°C/W  419C/W 


Metal Can Package@: ......5....0ccesee's 136°C/W  3=419C/W 
Package Power Dissipation Limit at +75°C for Ty < +175°9C 


Coramic DIP Packages ac. un oh. ch ean qatar de canidens 740mW 
Geramic LCC Package .. 2.0... 0chcnccccnsederencec sents 1.02W 
MotaliSan PACKAGE coin nc cctcckutenssccadascunedes 740mW 
Package Power Dissipation Derating Factor Above +75°C 
Ceramic DIP Package. 055 0. eb ccc cece desta tas 7.4mW/°C 
Ceramic LCC Package .....sccsbeccsccccedecessss 10.2mW/°C 
WieteiGanPackane Toor. ocho e oe fie ces 7.4mW/°C 


Recommended Operating Conditions 


Operating Temperature Range ...........++- -55°C to +125°C 
Operating Supply Voltage... oe ee we case cee +15V 


ViINcm < 1/2 (V+ = V-) 
RL > 2ka 


TABLE 1. D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 


Device Tested at: Supply Voltage = +15V, RSOURCE = 100, RLOAD = 500k, VouT = OV, Unless Otherwise Specified. 


D.C. 
PARAMETERS | SYMBOL CONDITIONS 
Vio 


Input Offset Vom =0V 
Voltage 


Input Bias Vom = OV 
Current +Rg = 100kN 
-Rs = 1002 


Input Offset 
Current 


Vom = OV 
+Rg = 100kN 
-Rg = 100kN 


Common Mode 
Range 


Large Signal 
Voltage Gain 


VouT = OV and +10V 


RL = 2kn 


Vout = OV and -10V 
Ru = 2kQ 


Common Mode AVcm = +10V 
Rejection Ratio +V = +5V 
-V =-25V 


Vout = -10V 


AVcm =~-10V 
+V = +25V 
-V=-5V 
VouT = +10V 


GROUP A 
SUBGROUP 


TEMPERATURE 


+25°C 


+125°9C, -55°C 
+25°C 
+1259C, -55°C 


+25°C -30 


+25°C 


+125°C, -55°9C 


— 


210. 
ES 
+25°9C 
+1259C, -559C 
+25°9C mem 9| 
+125°C, -55°9C -—_ 
aes 


+25°C 


+125°C, -55°C 7 
+25°9C 


oO 


+1259C, -559C 70 


BED 


+25°9C 


+125°C, -55°9C 


+25°9C 


+1259C, -559C 


CAUTION: This device is sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
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TABLE 1. D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 
Device Tested at: Supply Voltage = +15V, RSQURCE = 1002, RLQAD = 500k, VouT = OV, Unless Otherwise Specified. 


D.C. GROUP A 
PARAMETERS | SYMBOL CONDITIONS SUBGROUP | TEMPERATURE 


+Vout | RL =2kn fim g GPE +25°C 
ae a 
-VOUT +259C 
Bie +1259C, -55 
+lout | VouT=-10V +25°C 
Vout = +10V +2506 
+lcoc Vout = OV 1 
sed 
| 
AVsyp = +5 


] 


2600/883 |HA-2602/88 


Cc 


Sis {3 333 13418 


NITS 


my 


Output Voltage 
Swing 


= 
oO 


Output Current 


5 


& 
N 


+1259C, -55 
+25°9C 
+1259C, -55°9C 


1 
NX 
oi 


Quiescent Power 
Supply Current 


Nv ands 
on (@) 


I 
i?) 
N 


! 
vin dwn ra) 


+25°9C 
+1259C, -55°9C 
+25°9C 


Power Supply 
Rejection Ratio 


+V = +10V, -V =-15V 
+V = +20V, -V =-15V 


+1259C, -55°C 
+259C 


AVsup = + 5V 
+V = +15V, -V =-10V 
+V = +15V, -V = -20V 


nat 


TABLE 2. A.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 


fz 


F~% by 


a 
b 
< 


+1259C, -55°C 
+25°9C 


Offset Voltage 
Adjustment 


< 
Oo 
1 
< 
¢ 


eels 


+1259C, -559C [Vio- 
+25°C Viot1 
+1259C,-559C [Vip+1 


S$ 
O |O 
+ 1+ 
—_ | mt 


- 
Oo 
p 
3) we 


Device Tested at: Supply Voltage = +15V, Rsgyurce = 502, RLOAD = 2kQ, CLoap = 50pF, Ayo = +1V/V, 


Unless Otherwise Specified. 
HA-2600/883 |HA-2602/883 


GROUP A 
PARAMETERS | SYMBOL CONDITIONS SUBGROUP | TEMPERATURE 
Slew Rate +SR Vout = -5V to +5V +25°C 
8A, 8B +12509C, -55°C 
TR 


UNITS 


V/us 


Your #8V 0-6 7259 
8A, 8B +1259C, -559C 
VouT= 0% +200mv 7259 
10% < TR < 90% 
8A, 8B +125°C, -55°9C 
ei 
8A, 8B +1259C, -55° 


Overshoot +08 | VoyT=0to+200mv +250C 
Vout = 0 to -200mv +250C 
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Rise & Fall Time 


TF 


VouT = 0 to -200mV 
10% < Tr < 90% 


| N 
BREBERREEE 
N ~N 
alelafe} ele [ [E 


Zi<ci< 
01% 1 


HA-2600/883 HA-2602/883 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 
Device Characterized at: Supply Voltage = +15V, RLOAD = 2k, CLOAD = 5O0pF, Ay = +1, Unless Otherwise Specified. 


PARAMETERS SYMBOL CONDITIONS NOTES | TEMPERATURE 
Differential Input Vom = OV +25°9C 
Resistance 
Full Power FPBW VPEAK = 10V 
Bandwidth 
Minimum Closed CLSG Ri = 2kQ, Cy = 50pF 
Loop Stable Gain 


Output Short +Isc Vout = 1V, RL = 102 
Circuit Current 
ae 


NOTES: 1. Parameters listed in Table 3 are controlled via design or process parameters and are not directly tested at final production. These parameters are 
lab characterized upon initial design release, or upon design changes. These parameters are guaranteed by characterization based upon data 
from multiple production runs which reflect lot to lot and within lot variation. 


HA-2600/883 | HA-2602/883 


UNITS 


+25°C 


-559C to +1259C 1 


+25°C 


3 
> 


+125°9C 
-55°9C 


+25°C 


+125°9C 


-55°9C 


Quiescent Power -55°C to +125°C 120 


Consumption 


VouT = OV, lout = OmA 


OP AMPs & 
COMPARATORS 


2. Full Power Bandwidth guarantee based on Slew Rate measurement using FPBW = Slew Rate/(2nVpe ax). 
3. Quiescent Power Consumption based upon Quiescent Supply Current test maximum. (No load on outputs.) 


4. Offset adjustment range is [ Viq(Measured) + 1MV ] minimum referred to output. 
This test is for functionality only to assure adjustment through OV. 


TABLE 4. ELECTRICAL TEST REQUIREMENTS 


olmiinonrca | 1 | 


* PDA applies to Subgroup 1 only. 


The Subgroup assignments of the parameters in these tables were patterned 
after Mil-M-38510/122, device type 02. 
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Test Circuit (Applies to Tables 1 and 2) 


ACQuT 
* INCLUDES STRAY 
CAPACITANCES << 2 V1 


hago FOR LOOP STABILITY, 


USE MIN VALUE CAPACITOR 
TO PREVENT OSCILLATION 
daa 50K 
OPEN 20 1 S5A ' ee 
S5B 1 
OPEN 9S9 > = 
$2 a 1 S6 SB Too 
OPEN 20 : OPEN ¢ 3 | ee VV BUFFER 
100K 2 sap “5 
i¢ : 2K 10K 
100] S100 OPEN Vac 0.1 {1 ~ VEE 
50 > ; 
aa ’ in 
5K 
52 
So S4° 
a4, ALL RESISTORS = + 1% (2) 


ALL CAPACITORS = + 10% (/F) 


For Detailed Information, Refer to HA-2600/883; HA-2602/883 Test Tech Brief 


Test Waveforms 
SIMPLIFIED TEST CIRCUIT (Applies to Table 2) 


V 
ale Vout 
50 2 2kQ L 100pF 
SLEW RATE WAVEFORMS 
+ 5.0V + 5.0V + 5.0V 
INPUT 
- 5.0V - 5.0V - 5.0V 
+ SL - SL 
OVERSHOOT, RISE & FALL TIME WAVEFORMS 
V 
+2 _ ae PEAK 
INPUT 
OV - 200mV Ls —_____ 
Tr ,»+ OS Te; -OS 


NOTE: Measured on both positive and negative transitions. 
Capacitance at Compensation pin should be minimized. 


3-130 


HA-2600/883 HA-2602/883 


Burn-In Circuits 


HA7-2600/883 CERAMIC MINI-DIP 
HA7-2602/883 CERAMIC MINI-DIP 


HA4-2602/883 CERAMIC LCC 


OP AMPs & 
COMPARATORS 


HA2-2600/883 (TO-99) METAL CAN 
HA2-2602/883 (TO-99) METAL CAN 


V+ 


NOTES: 

Ry = 1MQ, +5%, 1/4W (Min) 
Cz = Co = 0.01yF/Socket (Min) or 0.1 1F/Row (Min) 
Cg = 0.01ynF/Socket (10%) 

Dy = Dg = IN4002 or Equivalent/Board 

| (V+) - (V-) |= 30V 
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Schematic Diagram 


COMPENSATION 


‘a a +V 
R2 R4 a5 
ge | RY Eh | 1.56K C3 C4 C2 600 
: a: 9 BAL 16pF-T 4pF 9pF So 
Bg tha lee . 


059 
7.058 
Q57 
am 
O55 
2 OUT 
“ R17 
Q45 30 
047 
a52 
Q48 


0 
R14 R15 R16 
Pegg 2.8K ja Sy 


— INPUT 
@ 
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Die Characteristics 


DIE DIMENSIONS: GLASSIVATION: 
73 x 52 x 19 mils Type: Nitride 
(1860 x 1320 x 483 ym) Thickness: 7kA + 0.7kA 
METALLIZATION: TRANSISTOR COUNT: 
Type: Aluminum HA-2600/883: 140 
Thickness: 16kA + 2kA HA-2602/883: 140 
WORST CASE CURRENT DENSITY: PROCESS: Std. Linear Bipolar Dielectric Isolation 
1.5 x 10°A/cm2 @ 19mA DIE ATTACH: 
SUBSTRATE POTENTIAL (Powered Up): Material: Gold/Silicon Eutectic Alloy 
Unbiased Temperature: Ceramic DIP — 460°C (Max) 


Ceramic LCC — 420°C (Max) 
Metal Can — 420°C (Max) 


Metallization Mask Layout 
HA-2600/883 HA-2602/883 


BAL COMP V+ 


OP AMPs & 
COMPARATORS 


-IN +IN = 


NOTE: Pad Numbers Correspond to Metal Can and Mini-DIP Packages Only. 
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Packaging * 


.395 
-005 MIN - 


-200 MAX 
4. 


8 PIN CERAMIC DIP 


Ua .245 
—~| —— 
-160 be 265 
.310 
“i 
~~/L___ .008* 15° 


.015 


* INCREASE MAX LIMIT BY .003 INCHES 
MEASURED AT CENTER OF FLAT FOR 
SOLDER FINISH 


20 PAD CERAMIC LCC 


505 
-560 


10 
045 


8 PIN TO-99 METAL CAN 


210 


*Dimension Maximum Limits Are Increased by 0.003 inches for Solder Dip Finish 


NOTE: All Dimensions are Min 


, Dimensions are in inches. 
x 
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LEAD MATERIAL: Type B 
LEAD FINISH: Type A 
PACKAGE MATERIAL: Ceramic, 90% Alumina 
PACKAGE SEAL: 

Material: Glass Frit 

Temperature: 450°C + 100C 

Method: Furnace Seal 
INTERNAL LEAD WIRE: 

Material: Aluminum 

Diameter: 1.25 Mil 

Bonding Method: Ultrasonic 
COMPLIANT OUTLINE: 38510 D-4 


PAD MATERIAL: Type C 
PAD FINISH: Type A 
FINISH DIMENSION: Type A 
PACKAGE MATERIAL: Ceramic, 90% Alo03 
PACKAGE SEAL: 
Material: Gold/Tin (80/20) 
Temperature: 320°C + 10°C 
Method: Furnace Braze 
INTERNAL LEAD WIRE: 
Material: Aluminum 
Diameter: 1.25 Mil 
Bonding Method: Ultrasonic 
COMPLIANT OUTLINE: 38510 C-2 


LEAD MATERIAL: Type A 
LEAD FINISH: Type C 
PACKAGE MATERIAL: Kovar Header with 
Nickel Can 
PACKAGE SEAL: 
Material: No Seal Material 
Temperature: Room Temperature 
Method: Resistance Weld 
INTERNAL LEAD WIRE: 
Material: Aluminum 
Diameter: 1.25 Mil 
Bonding Method: Ultrasonic Bonded 
COMPLIANT OUTLINE: 38510 A-1 


t Mil-M-38510 Compliant Materials, Finishes, and Dimensions. 


| HARRIS HA-2600 
HA-2602 


DESIGN INFORMATION | Wideband, High Impedance 
Operational Amplifiers 


The information contained in this section has been developed through characterization by Harris Semiconductor and is for 
use as application and design aid only. These characteristics are not 100% tested and no product guarantee is implied. 


Typical Performance Curves uniess Otherwise Specified: Ta = +25°C, VsupPLy = +15V 


INPUT BIAS CURRENT AND OFFSET CURRENT LOWER 3dB FREQUENCY-10Hz BROADBAND 
AS A FUNCTION OF TEMPERATURE NOISE CHARACTERISTICS 


100 


CURRENT nA 
EQUIVALENT INPUT NOISE LV 


1 


“100Hz = 1kHz 10kHz -100kHz 1MHz  10MHz 
TEMPERATURE °C UPPER 348 FREQUENCY 
LOWER 3dB FREQUENCY — 10Hz 
OPEN LOOP FREQUENCY AND PHASE RESPONSE INPUT IMPEDANCE vs. TEMPERATURES, 100Hz 


OPEN LOOP VOLTAGE GAIN — dB 
PHASE ANGLE 
MEGOHMS 


0 
55-35 «-15 +5 +25 +45 +65 +85 +105 +125 
OHz 100Hz ikHz 10kHz 100kHz 1MHz 10MHz 100MHz TEMPERATURE °C 
FREQUENCY — Hz 
OPEN LOOP FREQUENCY RESPONSE FOR 
VARIOUS VALUES OF CAPACITORS FROM 
OUTPUT VOLTAGE SWING vs. FREQUENCY COMPENSATION PIN TO GROUND 


-20 
1 


Vs = 715V 
TA =+250C 


PEAK VOLTAGE SWING + VOLTS 
OPEN LOOP VOLTAGE GAIN - dB 


0.01V 


100Hz 1kHz 10kHz 100kHz 1MHz 10MHz 


FREQUENCY — Hz 


20 
10kHz 100kHz 1MHz 10MHz 100MHz 10Hz 


FREQUENCY — Hz 
NOTE: External compensation components are not required for stability. 
But may be added to reduce bandwidth if desired. If external compensa- 
tion is used, also connect 100uF Capacitor from output to ground. 
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DESIGN INFORMATION (continueg) 


The information contained in this section has been developed through characterization by Harris Semiconductor and is for 


US6@ as application and design aid only. These characteristics are not 100% tested and no product guarantee is implied. 


Typical Performance Curves uniess Otherwise Specified: Ta = +25°C, Vsyppiy = +15V 


COMMON MODE VOLTAGE RANGE AS A 
FUNCTION OF SUPPLY VOLTAGE 


COMMON MODE RANGE +v 


SUPPLY VOLTAGE - VOLTS 


COMMON MODE REJECTION RATIO 


COMMON MODE REJECTION RATIO — dB 


100Hz 1kHz 10kHz 100kHz 1MHz 
FREQUENCY — Hz 


SAMPLE-AND-HOLD 
+ 15V0 


UV OO QO 
DIGITAL CONTROL 


oe 


Ibias 1% 
Drift Rate = If C = 1000pF 
C Drift = 0.01V/ms Max 


VOLTAGE FOLLOWER 


+15V 60 


1.000 Gain 0.999 
Zin = 1012 Min 
ZouT = 0.012 Max 
A small load capacitance is recommended in all applications where 
practical to prevent possible high frequency oscillations resulting from 
external wiring parasitics. Capacitance up to 100pF has negligible 
effect on the bandwidth or slew rate. 


Slew Rate = 4V/ys Min 
BW. = 12MHz Typ 
Output Swing = + 10V Min to 50kHz 


OPEN LOOP VOLTAGE GAIN vs. TEMPERATURE 


TEMPERATURE °C 


PHOTO CURRENT TO VOLTAGE CONVERTER 


5SpF 


R= 40k 


Ip= 1nA | HA - 2600 
, Con | 
V+ Features 


© Constant Cell Voltage 
@ Minimum Bias Current Error 


SILICON 
PHOTO 
DIODE 


- R(Ip+ tp) 


REFERENCE VOLTAGE AMPLIFIER 


Features 
¢ Minimum Bias Current in Reference Cell ¢ Short Circuit Protection 


SUGGESTED Vos ADJUSTMENT AND 
COMPENSATION HOOK-UP 


BANDWIDTH 
if CONTROL 


Typical Range is + 10mV with Rr = 100kN 
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HA-2600 HA-2602 


DESIGN INFORMATION (continuea) 


The information contained in this section has been developed through characterization by Harris Semiconductor and is for use 
as application and design aid only. These characteristics are not 100% tested and no product guarantee is implied. 


TYPICAL PERFORMANCE CHARACTERISTICS 
Device Characterized at: Vg = +15V, RL = 2K, C_ = 50pF, Ay = +1, Unless Otherwise Specified. 


-26 
Ha-2600 | HA-2602 | cic 
PARAMETERS TEMP | TYPICAL | TYPICAL | LIMIT | UNITS 


Offset Voltage Average Drift Versus Temperature ae 
Offset Current Average Drift Versus Temperature Full | 200 | 
Differential Input Resistance +25°C | 300 Table 3 


‘9 = 100Hz +25°C 


=< 


2 
: 


Large Signal Voltage Gain VouT = +10V +25°C | 450 | kV/V 
CMR [Vom=stov | 100 


Gain Bandwidth Product 
(Small Signal) 


Unity Gain Bandwidth Ay = +1, CCOMP = OpF | +250 | 


10 
Slew Rate VouT = +10V +25°C Z Table 2 


75 


Minimum Supply Voltage Functional Operation Only. 
Other Parameters Will Vary. 


es | 
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HA-2620/883 
HA-2622/883 


i? HARRIS 


Very Wideband, High Impedance 
Uncompensated Operational Amplifiers 


January 1989 


Features 


¢ This Circuit is Processed in Accordance to Mil-Std- 
883 and is Fully Conformant Under the Provisions of 
Paragraph 1.2.1. 


¢ High Input Impedance (HA-2620/883).... 65MQ Min 


© High Gain (HA-2620/883).............. 100kV/V Min 
150kV/V Typ 

e High Slew Rate (HA-2620/883).......... 25V/us Min 
35V/us Typ 

¢ Low Input Bias Current (HA-2620/883) ....15nA Max 
5nA Typ 


¢ Low Input Offset Voltage (HA-2620/883) .. 4mV Max 
e Wide Gain Bandwidth Product (Ay > 5) ...100MHz Typ 
© Output Snort Circuit Protection 


Applications 

¢ Video and R.F. Amplifiers 

¢ Pulse Amplifiers 

¢ Audio Amplifiers and Filters 
© High-Q Active Filters 

¢ High Speed Comparators 


Pinouts 
HA7-2620/883 (CERAMIC MINI-DIP) 
HA7-2622/883 (CERAMIC MINI-DIP) 
TOP VIEW 


HA4-2622/883 (CERAMIC LCC) 
TOP VIEW 


Description 


HA-2620/883 and HA-2622/883 are bipolar operational 
amplifiers that feature very high input impedance coupled 
with wideband A.C. performance. The high resistance of the 
input stage is complemented by low offset voltage 
(4MVmax @ +25°C for HA-2620/883) and low bias and 
offset current (15nAmax @ +25°C for HA-2620/883) to 
facilitate accurate signal processing. Offset voltage can 
be reduced further by means of an external nulling 
potentiometer. With the HA-2620/883, which is stable for 
closed loop gains greater than 5, the 25V/us minimum slew 
rate at +250C and the 100kV/V minimum open loop gain at 
+25°C, enables the HA-2620/883 to perform high gain 
amplification of very fast, wideband signals. These dynamic 
characteristics, coupled with fast settling times, make these 
amplifiers ideally suited to pulse amplification designs as 
well as high frequency or video applications. The 
frequency response of the amplifier can be tailored to exact 
design requirements by means of an external bandwidth 
control capacitor. Other high performance designs such as 
high gain, low distortion audio amplifiers, high-Q and 
wideband active filters and high speed comparators are 
excellent uses of this part. 


The HA-2620/883 and the HA-2622/883 are available as 
MIL-STD-883 compliant devices screened to class B level. 
These devices are sensitive to electrostatic discharge and 
are in microcircuit group number 49 (see MIL-M-38510, 
Appendix E). The HA-2620/883 and the HA-2622/883 
have guaranteed operation over the military temperature 
range from -55°C to +125°C and are available in 8 pin 
Metal Can and Ceramic Mini-DIP packages. The HA-2622 
/883 is also available in a 20 pin Ceramic LCC package. 


HA2-2620/883 (METAL CAN) 
HA2-2622/883 (METAL CAN) 
TOP VIEW 
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Specifications HA-2620/883 HA-2622/883 


Absolute Maximum Ratings 


Voltage Between V+ and V- Terminals. ...........252+052005 40V 
Differential Input Voltage... c.cccc-0 seco eer scenery neater 12V 
Voltage at Either Input Terminal .................-----55 V+ to V- 
Peak Output Current .............4.. Full Short Circuit Protection 
Junction Temperature (Tj) ...... 2. 0c cence cece cece eees +175°9C 
Storage Temperature Range ..............--. -65°C to +150°C 
Soe BO ee eee eee eer rie < 2000V 
Lead Temperature (Soldering 10 sec)............000eeee 275°C 


CAUTION: Absolute maximum ratings are limiting values, applied 
individually beyond which the serviceability of the circuit may be impaired. 
Functional operability under any of these conditions is not necessarily 
implied. 


Recommended Operating Conditions 


Operating Temperature Range ............... ~55°C to +125°C 


Thermal Information 


Thermal Resistance 8ia Bic 
Ceramic DIP Package ........-..0.-200- 8290C/W  289C/W 
Ceramic LCC Package .........:.....- 749C/W = 20°C/W 
Matal Gani Package, oink siaess scbvegaee 136°C/W 3 41°9C/W 


Package Power Dissipation Limit at +75°C for T J .< +1759C 


Geramite DIP Package i. oo so oc5 8 te Sais nt casts tae ne te 730mW 
Ceramic LCC Package .....2...85..00% Cwavlegace euhiee Teen 
Motal:Gan PaCkhGG 2 sc iices<as bbe Foe sebuslew inoue es 740mW 
Package Power Dissipation Derating Factor Above +75°C 
Ceramic DIP Package ....... SD ake or Gata Moe x aol 7.4mW/9C 
Coramic UCC Package... ...60cccbs cwssweesbeccens 13.4mW/°C 
Matal Can Packets ii on witeeon ds ss cceireqiedig went 7.4mW/°C 


ViNem < 1/2 (V+ - V-) 


Operating Supply Voltage ........... cece cece eee e en neees #15V....-Pip-. > 2kN 


TABLE 1. D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 


Device Tested at: Supply Voltage = +15V, RSOURCE = 1002, RLOAD = 500k, VouT = sali Unless Otherwise Specified. 


D.C. 
PARAMETERS | SYMBOL CONDITIONS 


Input Offset 


Vom = OV 
Voltage 
Input Bias Vom = OV 
Current +Rg = 100kN. 
-Rs = 1002 


Vom = OV 
+Rsg = 1009 
-Rs = 100kN 


Input Offset Vom = OV 
Current +Rs = 100kN 
-Rg = 100k. 


Common Mode 
Range 


Large Signal 
Voltage Gain 


VouT = OV and +10V 
Ru = 2kN 


VoutT = OV and -10V 
Re = 2kQ 


-AVOL 
+CMRR 


Common Mode 
Rejection Ratio 


AVcm = +10V 
+V = +5V 
-V =-25V 
VouT = -10V 


-CMRR | AVcny=-10V 
+V = +25V 
-V=-5V 
Vout = +i0V 


GROUP A 
SUBGROUP 


XN 
@ 


HA- ]Ha-2620/883, HA-2622/883 
rewenarune | win | WAX [ wn 
ae th RE. 


Cc 


NITS 


+1259C, -55°9C 


anos Sak 
ae E: 
ccs 
a 
scans 
Sn 
ane 


+125°C, -55°C 


+1259C, -55°C 


+1259C, -55°9C | 70. | 


od 


k 
k 
k 


nA 
nA 
nA 
nA 
nA 
nA 
V 
V 
V 
Vv 
V/V 
V/V 
VV 
kV/V 


+1259C, -559C 


+1259C, -550C. 


dB 
dB 


CAUTION: This device is sensitive to electrostatic discharge. Proper |.C. handling procedures should be followed. 
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HA-2620/883 HA-2622/883 


TABLE 1. D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 
Device Tested at: Supply Voltage = +15V, RSQURCE = 1002, RLOAD = 500kN, VouT = OV, Unless Otherwise Specified. 


HA-2620/883}] HA-2622/883 
D.C. GROUP A 
PARAMETERS | SYMBOL CONDITIONS SUBGROUP | TEMPERATURE MIN UNITS 
+VouT | RL =2kn +25°9C sie 
#1259G, -5500 rg 
-VouT | RL=2kn +25°9C 
+1259C, -55°C 
Output Current VouT = -10V 
-lout VouT = +10V 
Quiescent Power] +Icc¢ VouT = OV 


+PSRR 
-~PSRR 


Output Voltage 
Swing 


= 
ale 


, 
ao 
| 
N 


+25°C 
+1259C, -55°C 
+259C 


+1259C, -55°C 
+25°9C 
+125°9C, -55°C 


ad 
N 


! 
© wo 


+25°9C 
+1259C, -55°C 
+25°9C 


Power Supply 
Rejection Ratio 


AVsup = +5 
+V = +10V, -V = -15V 
+V = +20V, -V =-15V 


+1259C, -55°C 
+25°9C 


AVsup = + 5V 
+V = +15V, -V =-10V 


+V = +15V, -V = -20V +1259C, -55°C 


Nes 
N 


TABLE 2. A.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 


Device Tested at: Supply Voltage = +15V, RSOURCE = 502, RLOAD = 2k, CLoaD = 50pF, AVCL = +5V/V, 
Uniess Otherwise Specified. 


GROUP A 
SUBGROUP 


TEMPERATURE 


Cc 


“In 1H 10 a 


PARAMETERS | SYMBOL CONDITIONS 


+25°C 


7 re 
8A, 8B +1259C, -550C eaoc] 


Slew Rate VouT = -5V to +5V 


<= 
- 
ND 
o 
ey 
© 
i. 
oo 
oo 
wo 
= 
a 
nD» 
o 
< 
nn 
~ 
oo 
a 
x 


8A, 8B +1250C, -550C 
vase f= 
Overshoot +08 | Voyt=0to+200mv +250C 

8A, 8B +1250C, -550C 

8A, 8B +1250C, -550C 


Rise & Fall Time 


N “N 
o oO 


VouT = 0 to +200mV 
10% < TR < 90% 


TR 


-SR 


VouT = 0 to -200mV 
10% < TF < 90% 


NN 
oO;o 


| 
o 


VouT = 0 to -200mV 
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HA-2620/883 HA-2622/883 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 
Device Characterized at: Supply Voltage = +15V, RLOAD = 2kQ, CLOAD = 5OpF, Unless Otherwise Specified. 


PARAMETERS |SYMBOL CONDITIONS NOTES | TEMPERATURE 
Differential Input Vom = OV 1 +259C 
Resistance 
Full Power FPBW VPEAK = 10V 1,2 +25°9C 
Bandwidth : 

Minimum Closed CLSG Ru = 2kQ, Cy = 5OpF 1 -559C to +125°C 
Loop Stable Gain 


Circuit Current 
+125°9C 


-55°9C 


HA~-2620/883 |HA-2622/883 


UNITS 


Vv, 


Ei a] aE 
nO 
oO 

31s 13 13 13 43 a = 


OP AMPs & 
COMPARATORS 


+25°9C 


oe 


-55°C to +125°9C 


ie) 
oO 


30 


3 
E: 


NOTES: 1. Parameters listed in Table 3 are controlled via design or process parameters and are not directly tested at final production. These parameters are 
lab characterized upon initial design release, or upon design changes. These parameters are guaranteed by characterization based upon data 
from multiple production runs which reflect lot to lot and within lot variation. 


2. Full Power Bandwidth guarantee based on Slew Rate measurement using FPBW = Slew Rate/(2nVpe ax). 


3. Quiescent Power Consumption based upon Quiescent Supply Current test maximum. (No load on outputs.) 


TABLE 4. ELECTRICAL TEST REQUIREMENTS 


* PDA applies to Subgroup 1 only. 


The Subgroup assignment of the parameters in these tables were patterned 
after Mil-M-38510/112, device type O03. 
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HA-2620/883 HA-2622/883 


Test Circuit (Applies to Table 1 and 2) 
1.6K 
ACOuT 


400 
Src V1 


50pF* 


. a * INCLUDES STRAY FOR LOOP STABILITY, 
USE MIN VALUE CAPACITOR 
2 S3A Pata lo 2a TO PREVENT OSCILLATION 
S14 50K 
OPEN 20 1 S5A ‘eo Be ee 
S5B 1 i 
so 4 1 S6 an OPEN. S9 > 
0 ° 1 92 
OPEN 20 3 V V 
- OPEN 1 2 vo BUFFER 
100K 2 S3B EY) 
1¢ , 2K 10K 
100 jog). =F. AG 0.1 |1 “Yee 
Eout 
ae bal b 
5K 
. 2 
51 S4 
50K ALL RESISTORS = + 1% (9) 
ALL CAPACITORS = + 10% ( j/F) 


For Detailed Information, Refer to HA-2620/883; HA-2622/883 Test Tech Brief 


Test Waveforms 
SIMPLIFIED TEST CIRCUIT (Applies to Table 2) 
V, IN 
AC Vac OUT 
502 
1.6K 50pF 


as a 


SLEW RATE WAVEFORMS 


+ 1.0V + 1.0V 
INPUT 
- 1.0V - 1.0V 
+ SL - SL 
OVERSHOOT, RISE & FALL TIME WAVEFORMS 
+ 40mV OV 
INPUT 
OV = 
Tr »+ OS Te, -OS — 


NOTE: Measured on both positive and negative transitions. 
Capacitance at Compensation pin should be minimized. 
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+ 5.0V 


- 5.0V 


HA-2620/883 HA-2622/883 


Burn-In Circuits 


HA7-2620/883 CERAMIC MINI-DIP 
HA7-2622/883 CERAMIC MINI-DIP 


HA4-2622/883 CERAMIC LCC 


OP AMPs & 
COMPARATORS 


HA2-2620/883 (TO-99) METAL CAN 
HA2-2622/883 (TO-99) METAL CAN 


V+ 


NOTES: 

Ry = 1MQ, +5%, 1/4W (Min) 
Cy = Co = 0.01pF/Socket (Min) or 0.1 yF/Row (Min) 
Cg = 0.01pF/Socket (10%) 

Dy = Dp = IN4002 or Equivalent/Board 

| (V+) - (V-) |= 30V 
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HA-2620/883 HA-2622/883 
Schematic Diagram 


COMPENSATION 


e +V 

R2 R4 R5 

wee ee 3 

O01 Q60 

Eos 
i an 
Q4 Nv Q42 
a 7 059 
q 
Q55 


as = HE 

" eee 030 113: = Q35 

+ INPUT y 029 “ee “ee Q33 
\ ) tip 


as ki 

Bose 753° 
o — 9 OUT 

- a: R17 
. Q45 30 

Q47 
40 Q4 
Q5 


an a & 


0 
R14 R15 R16 
aeqnaten! 2.8K tel 7 Es 


— INPUT 
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HA-2620/883 HA-2622/883 


Die Characteristics 


DIE DIMENSIONS: GLASSIVATION: 
73 x 52 x 19 mils Type: Nitride 
(1860 x 1320 x 483 ym) Thickness: 7kA + 0.7kA 
METALLIZATION: TRANSISTOR COUNT: 
Type: Aluminum HA-2620/883: 140 
Thickness: 16kA + 2kA HA-2622/883: 140 
WORST CASE CURRENT DENSITY: PROCESS: Std. Linear Bipolar Dielectric Isolation 
1.5 x 10°A/cm2 @ 19mA DIE ATTACH: 
SUBSTRATE POTENTIAL (Powered Up): Material: Gold/Silicon Eutectic Alloy 
Unbiased Temperature: Ceramic DIP — 460°C (Max) 


Ceramic LCC — 420°C (Max) 
Metal Can — 420°C (Max) 


Metallization Mask Layout 
HA-2620/883 HA-2622/883 


BAL COMP V+ 


OP AMPs & 
COMPARATORS 


-IN +IN 


NOTE: Pin Numbers Correspond to 8 Pin Metal Can and Ceramic Mini-Dip Packages Only. 
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HA-2620/883 HA-2622/883 


Packaging * 
8 PIN CERAMIC DIP 


LEAD MATERIAL: Type B 
=A a ta LEAD FINISH: Type A 
; PACKAGE MATERIAL: Ceramic, 90% Alumina 
PACKAGE SEAL: 
Material: Glass Frit 
Temperature: 450°C + 109°C 
Method: Furnace Seal 


__ .290 


310 
a INTERNAL LEAD WIRE: 
ae Se 
h -008 is Material: Aluminum 
Diameter: 1.25 Mil 
“O50 * * INCREASE MAX LIMIT BY .003 INCHES Bonding Method: Ultrasonic 
a MEASURED AT CENTER OF FLAT FOR COMPLIANT OUTLINE: 38510 D-4 


-065 SOLDER FINISH 


20 PAD CERAMIC LCC 


PAD MATERIAL: Type C 
PAD FINISH: Type A 
FINISH DIMENSION: Type A 
PACKAGE MATERIAL: Ceramic, 90% Alo03 
PACKAGE SEAL: 
Material: Gold/Tin (80/20) 
Temperature: 320°C + 10°C 
Method: Furnace Braze 
INTERNAL LEAD WIRE: 
Material: Aluminum 
Diameter: 1.25 Mil 
Bonding Method: Ultrasonic 
COMPLIANT OUTLINE: 38510 C-2 


8 PIN TO-99 METAL CAN 


505 LEAD MATERIAL: Type A 
sai LEAD FINISH: Type C 
PACKAGE MATERIAL: Kovar Header with 


010 


pr Nickel Can 


PACKAGE SEAL: 

Material: No Seal Material 

Temperature: Room Temperature 

Method: Resistance Weld 
INTERNAL LEAD WIRE: 

Material: Aluminum 

Diameter: 1.25 Mil 

Bonding Method: Ultrasonic Bonded 
COMPLIANT OUTLINE: 38510 A-1 


335 321 
370 .325 


} ds 


*Dimension Maximum Limits Are Increased by 0.003 inches for Solder Dip Finish 


NOTE: All Dimensions are Min , Dimensions are in inches. Tt Mil-M-38510 Compliant Materials, Finishes, and Dimensions. 
x 
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) HARRIS HA-2620 


HA-2622 


DESIGN INFORMATION Very Wideband, Uncompensated 
Operational Amplifiers 


The intormation contained in this section has been developed through characterization by Harris Semiconductor and is for 
use as application and design aid only. These characteristics are not 100% tested and no product guarantee is implied. 


Typical Performance Curves unless Otherwise Specified: Ta = +25°C, VsupPLy = +15V 


INPUT BIAS CURRENT AND OFFSET CURRENT 
AS A FUNCTION OF TEMPERATURE EQUIVALENT INPUT NOISE vs. BANDWIDTH 


8 


EQUIVALENT INPUT 
NOISE VS. BANDWIDTH 


CURRENT (nA) 


EQUIVELENT INPUT NOISE (yV) 


-50 -25 O +25 +50 +75 +100+125 100Hz 1kHz 10kHz 100kHz 1MHz 10MHz 


o UPPER 3dB FREQUENCY 
TEMPERATURE ("C) LOWER 3dB FREQUENCY (10Hz) 


OP AMPs & 
COMPARATORS 


OPEN LOOP FREQUENCY AND PHASE RESPONSE INPUT IMPEDANCE vs. TEMPERATURES, 100Hz 


MEGOHMS 


OPEN LOOP VOLTAGE GAIN(B) 
PHASE ANGLE 


-35 -15 +5 425 445465 +85 +105 +125 
TEMPERATURE (°C) 


10Hz 100Hz 1kHz 10kHz 100kHz 1MHz 10MHz 100MHz 
FREQUENCY (Hz) 
OPEN LOOP FREQUENCY RESPONSE 
FOR VARIOUS VALUES OF CAPACITORS FROM 
OUTPUT VOLTAGE SWING vs. FREQUENCY COMPENSATION PIN TO GROUND 


” 
= 10V 2 
2 
> — 
+1 o 80 | 
o w 
z 
= 1V = 60 
= fe 
e = 40 i 
a. 
= S 20 
° 0.1V = NS 
s Be: 


10Hz 100Hz kHz %10kHz 100kHz 1MHz 10MHz 
10Kz 100kHz 1MHz 10MHz 100MHz FREQUENCY Hz 
FREQUENCY Hz 
NOTE: External compensation components is required for Closed Loop 
Gain < 5. If external compensation is used, also connect 100pF 
Capacitor from output to ground for H-F. filtering. 
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HA-2620 HA-2622 
DESIGN INFORMATION (Continued) 


The information contained in this section has been developed through characterization by Harris Semiconductor and is for 
use as application and design aid only. These characteristics are not 100% tested and no product guarantee is implied. 


Typical Performance Curves unless Otherwise Specified: Ta = +25°C, Vgyppyy = +15V 


COMMON MODE VOLTAGE RANGE 
AS A FUNCTION OF SUPPLY VOLTAGE OPEN LOOP VOLTAGE GAIN vs. TEMPERATURE 


ae 


COMMON MODE RENGE +V 


5 10 15 20 -55 -35 -15 5 25 45 65 85 105 125 
SUPPLY VOLTAGE-VOLTS TEMPERATURE°C 
HIGH IMPEDANCE COMPARATOR VIDEO AMPLIFIER 
+ 15V 5pF 


OVouT 


+ 5.0V, OV 
50pF * 
GAIN = 40dB 
* A small load capacitance of at least 30pF 

(including stray capacitance) is recommended to 

prevent high frequency oscillations. 
SUGGESTED Vos ADJUSTMENT 
AND COMPENSATION HOOK-UP FUNCTION GENERATOR 


5SOpF* 


BANDWIDTH 


a CONTROL 


GS ® 
= aThy+ Reale SOE AP ORTPUT 
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HA-2620 HA-2622 


DESIGN INFORMATION (Continued) 


The information contained in this section has been developed through characterization by Harris Semiconductor and is for use 
as application and design aid only. These characteristics are not 100% tested and no product guarantee is implied. 


UNITS 


TYPICAL PERFORMANCE CHARACTERISTICS 
Device Characterized at: Vg = +15V, RL = 2K, CL = 50pF, Ay < 5, Unless Otherwise Specified. 


TYPICAL TYPICAL 
9) 


DESIGN 
PARAMETERS LIMIT 


Vom = OV +25°9C 


Full 


Full 


.3 
<= 
ze) 
1?) 


Versus Temperature 


Versus Temperature Full += 10024 100 
1 


fo = 10Hz +25°9C 
+25°C 


fo = 1kHz to 100kHz +25°C 


Input Noise Current Density fo = 10Hz +25°9C 


fo = 100Hz +250C 


+25°C 


Full 12 +12 Table 1 oe 
| 100 | 


fo = 1kHz to 100kHz 


< 


Output Voltage Swing Ry = 2kn 


Large Signal Voltage Gain Vout = +10V 


CMRR Vom = #10V 


Gain Bandwidth Product 
(Small Signal) 


fo = 10kHz, Ccomp = OpF 


+25°C 


fo = 1MHz, Ccomp = OpF 


Rise/Fall Time VouT = +200mV 


Slew Rate Vout = +10V +250C | Table 2 


Full Power Bandwidth VPEAK = 10V, (Note 2) +25°C | 600 | 
Settling Time 10V Step to 0.1% +25°C 


Output Resistance Open Loop +25°C 
Minimum Supply Voltage Functional Operation Only. +25°C +7 . +7 +8V 
Other Parameters Will Vary. 


V/ps 


Table3 | 


kV/V 
MHz 


H 
ry) 
or 
H- 
ey) 
on 
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FARRIS 
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HA-2640/883 


High Voltage 


January 1989 Operational Amplifier 


Features 


® This Circuit is Processed in Accordance to Mil-Std- 
883 and is Fully Conformant Under the Provisions of 
Paragraph 1.2.1. 


e Output Voltage Swing +35V (Min) 
+10V to +40V (Min) 
3V/us (Min) 
+35V (Min) 
12nA (Max) 


5MHz (Typ) 


e Supply Voltage 
¢ Slew Rate 

¢ Common Mode Input Voltage Swing 
¢ Offset Current 

e Unity Gain Bandwidth 


¢ Output Overload Protection 


Applications 

¢ Industrial Control Systems 
¢ Power Supplies 

¢ High Voltage Regulators 

e Resolver Excitation 


¢ Signal Conditioning 


Pinouts 


HA7-2640/883 (CERAMIC MINI-DIP) 
TOP VIEW 


HA4-2640/883 (CERAMIC LCC) 


Description 


HA-2640/883 monolithic operational amplifier is designed 
to deliver unprecedented dynamic specification for a high 
voltage internally compensated device. This dielectrically 
isolated device offer very low values for offset voltage and 
offset current coupled with large output voltage swing and 
common mode input voltage. 


For maximum reliability, the HA-2640/883_ offers 
unconditional output overload protection through output 
short circuit current limiting. This circuitry will limit the 
output to typically +25mA output drive current. 


These amplifiers deliver +35V common mode input voltage 
swing, +35V output voltage swing, and up to +40V supply 
range for use in such designs as regulators, power 
supplies, and industrial control systems. The 5MHz typical 
gain-bandwidth product and 5V/us slew rate (typ) make 
these devices excellent components for high performance 
signal conditioning applications. To insure compliance, all 
devices are 100% tested for slew rate, rise/fall time and 
overshoot. Outstanding input and output voltage swings 
coupled with a low 5nA offset current (typ), make these 
amplifiers excellent components for resolver excitation 
designs. 


The HA-2640/883 is specified from -55°C to +125°C and 
is available in the hermetic 8 pin Metal Can, Ceramic 
Mini-DIP, and also the 20 pin Ceramic LCC. 


HA2-2640/883 (METAL CAN) 
TOP VIEW 
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Specifications HA-2640/883 


Absolute Maximum Ratings 


Voltage Between V+ and V- Terminals. ...........0eeeeeees 100V 
Differential Input Voltage... 0.2... ccc ee ee ewer e eee n eens 100V 
Input Voltage Range ........ cece cece eee e eee e eee ene eens +37V 
Output Current ..4. 02. swine ccccwcnees Full Short Circuit Protection 
Output Short Circuit Duration .......... eee ee eee e eens 5 Seconds 
Junction Temperature (Ty) 2.2... eee eee eee eee eee eeees +175°C 
Storage Temperature Range ............-+66- -659C to +150°C 
ESD rating . ov. c che csuteccpebbowes nse eere vonscacees < 2000V 
Lead Temperature (Soldering 10 S€C)......... eee eee ee eee 275°C 


CAUTION: Absolute maximum ratings are limiting values, applied 
individually beyond which the serviceability of the circuit may be impaired. 
Functional operability under any of these conditions is not necessarily 
implied. 


Thermal Information 


Thermal Resistance Bia Bic 
Ceramic DIP Package ...........e2e085 125°C/W 43°C/W 
Ceramic LCC Package].......csceecoes 88°C/W 20°C/W 
Metal Can Package .......cescccceeves 1079C/W = 33°9C/W 

Package Power Dissipation Limit at +75°C for Ty < +175°9C 


Ceramic DIP Package ........cccccccccnscecreeceecs 800mW 
Coramic LGG Packages. . cscascchicetsasecdnas@oees 1.14mW 
Metal Can Package .......ccccccccccscccccenscccees 930mW 
Package Power Dissipation Derating Factor Above +75°9C 
Ceramic DIP Package 5.011 S65. cae cece ccc cnnccaves 8mW/°C 
Cétamic ECG Package). csccecdecctscssereenens 11.4mW/°C 
Moatal Can Package .n Soiois so inicsin« s.sie dua aaseimmiertiastaince 9.3mW/°C 


Recommended Operating Conditions 


Operating Temperature Range ..............: -55°C to +1259C 
Operating Supply Voltage .........e eee eeeeeeees +10V to + 40V 


Ri > 500. 


TABLE 1. D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 


Device Tested at: Supply Voltage = +40V, RSOURCE = 1002, RLOAD = 500k, Vout = OV, Unless Otherwise Specified. 


D.C. 
PARAMETERS 


CONDITIONS 
Vom = 0V 


Vom = OV 
+Rs = 100k. 
-Rs = 1002 


SYMBOL 
Vio 


Input Offset Voltage 


Input Bias Current 


Vom = 0V 
+Rs = 100 
-Rg = 100kN 


Input Offset Current Vom = OV 
+Rgs = 100k2 


-Rg = 100kN 


Common Mode Range 


Large Signal Voltage Gain VouT = OV and +30V 


Ryu = 5k 


Vout = OV and -30V 
Ryu = 5k 


Common Mode Rejection 
Ratio 


AVcm = +20V 
+V =+20V 
-V =-60V 
VouT = -20V 


+CMRR 


-CMRR | AVcm =-20V 
+V =+60V 
-V=-20V 
VouT = +20V 


GROUP A 
SUBGROUP 


a 
S) 


ee 

ee ends See ae oe 
ee ee 
ono dal 


TEMPERATURE 
+25°9C 
+125°C, -55°C 


+25°9C 


+1259C, -55°9C 


+1259C, -559C nA 


+25°9C 


= 


> 


n 


+125°C, -55°C 


+25°C 


+1259C, -559C 


+25°9C 


+125°C, -55°C 


+25°9C 


+125°C, -559C 


CAUTION: This device is sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
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HA-2640/883 


TABLE 1. D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 
Device Tested at: Supply Voltage = +40V, RSQURCE = 1009, RLOAD = 500kN, Vout = OV, Unless Otherwise Specified. 


LIMITS 
GROUP A puiMiTs 
+VouT | RL =5kn +25°C 


| 23 | +12800,-s500 
Vout | RL =5K0 eee 


D.C. PARAMETERS 


Output Voltage Swing 


Output Current 


+1259C, -55°C 


a 
> 


Quiescent Power Supply 
Current 


| 2.3 | +1289,-550¢ 
Caeeacee Wek i gd 
| 23 | +12800,-s500 


Power Supply Rejection 
Ratio 


AVsup = 30V 
+V = +10V, -V =-40V 
+V = +40V, -V = -40V 


+1259C, -55°C 


+ViQAdj Note 4 
+1259C, -559C Vio-1 


TABLE 2. A.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 


AVsup = 30V 


+PSRR 
+V = +40V, -V = -10V 


Offset Voltage Adjustment 


| 
< 


mV 


3 
< 


< 


Device Tested at: Supply Voltage = +15V, RSOURCE = 502, RLOAD = 5k2, CLOAD = 5OpF, AVCL = +1V/A, 


Unless Otherwise Specified. 
PARAMETERS SYMBOL CONDITIONS TEMPERATURE 
TR VouT = 0 to +200mvV +25°9C 
10% <TR < 90% 
Tr VouT = 0 to -200mV 
10% < TF < 90% 


LIMITS 


GROUP A 
SUBGROUP 


Rise & Fall Time 


+ 
Le) 
oO 
A 
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TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 
Device Characterized at: Supply Voltage = +40V, RLOAD = 5k, CLOAD = 5O0pF, Unless Otherwise Specified. 


LIMITS 
PARAMETERS SYMBOL CONDITIONS NOTES | TEMPERATURE | MIN. | MAX UNITS 
Differential Input Vom = OV +25°C 
Resistance 


Minimum Closed Loop 
Stable Gain 


Circuit Current 


Sn 
axeG [= | 
ee 
oe 


-559C to +1259C 


NOTES: 1. Parameters listed in Table 3 are controlled via design or process parameters and are not directly tested at final production. These parameters are 
lab characterized upon initial design release, or upon design changes. These parameters are guaranteed by characterization based upon data 
from multiple production runs which reflect lot to lot and within lot variation. 


2. Full Power Bandwidth guarantee based on Slew Rate measurement using FPBW = Slew Rate/(2nVpe ax). 
3. Power Consumption based upon Quiescent Supply Current test maximum. (No load on outputs.) 


4. Offset adjustment range is [ Vig (Measured) + 1MV ] minimum referred to output. 
This test is for functionality only to assure adjustment through OV. 


TABLE 4, ELECTRICAL TEST REQUIREMENTS 


MIL-STD-883 TEST REQUIREMENTS SUBGROUPS (SEE TABLES 1 & 2) 


Groups C &D Endpoints 


* PDA applies to Subgroup 1 only. 


The Subgroup assignments of the parameters in these tables were patterned 
after SMD #78003, device type 02. 
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HA-2640/883 


Test Circuit (Applies to Tables 1 and 2) 


< oV1 


100K FOR LOOP STABILITY, 
USE MIN VALUE CAPACITOR 
TO PREVENT OSCILLATION 

on > gl 

OPEN 20 4 OPEN 9 S8 > 
= ; 
S2 2 OPEN1 92 ]3 1 Ee V V 
100K CY) ides 
5K 1K 
100 


100 Vac 0.1 114 


\/ \/ ° - Ver 


ALL RESISTORS = + 1% (2) 


ALL CAPACITORS = + 10% (uF) 
For Detailed Information, Refer to HA-2640/883 Test Tech Brief 


Test Waveforms 
SIMPLIFIED TEST CIRCUIT (Applies to Table 2) 


V+ 
IN OUT 
500 5kQ 50pF 
SLEW RATE WAVEFORMS 
+ 3.0V + 3.0V + 3.0V 
INPUT 
- 3.0V - 3.0V - 3.0V 
+ SL - SL 
OVERSHOOT, RISE & FALL TIME WAVEFORMS 
REA 
+ 200mV OV 90% 
INPUT 
int - Sone A 
Tr »+ OS Te; -OS 


NOTE: Measured on both positive and negative transitions. 
Capacitance at Compensation pin should be minimized. 
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Burn-In Circuits 


HA7-2640/883 CERAMIC MINI-DIP 


HA4-2640/883 CERAMIC LCC 


OP AMPs & 
COMPARATORS 


HA2-2640/883 (TO-99) METAL CAN 


V+ 


NOTES: 

Ry = 1MQ, +5%, 1/4W (Min) 
Cz = Co = 0.01pF/Socket (Min) or 0.1 yF/Row (Min) 
Cg = 0.01 pF/Socket (10%) 

D = Dp = IN4002 or Equivalent/Board 
| (V+) - (V-) |= 40v 


HA-2640/883 


Schematic Diagram 


0 8 BANDWIDTH 
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Die Characteristics 


DIE DIMENSIONS: SUBSTRATE POTENTIAL (Powered Up): 
84 x 70 x 19 mils Unbiased 
(2140 x 1780 x 483 um) GLASSIVATION: 
METALLIZATION: Type: Silox 
Thickness: 16kA + 2kA TRANSISTOR COUNT: 76 
WORST CASE CURRENT DENSITY: PROCESS: HV200 Std. Linear Bipolar 
2.14 x 105A/cm2 @ 12mA Dielectric Isolation 
This device meets Glassivation Integtrity Test DIE ATTACH: 
requirement per Mil-Std-883 Method 2021 and Material: Gold/Silicon Eutectic Alloy 
Mil-M-38510 paragraph 3.5.5.4. Temperature: Ceramic DIP — 460°C (Max) 


Ceramic LCC — 420°C (Max) 
Metal Can — 420°C (Max) 


Metallization Mask Layout 
HA-2640/883 


-IN BAL COMP 


OP AMPs & 
COMPARATORS 


NOTE: Pad Numbers Correspond to Metal Can and Ceramic Mini-DIP Packages Only. 
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Packaging t 


8 PIN CERAMIC DIP 


2140 245 


.160 7a 265 me 


.290 
.150 MIN ea 
.055 MAX ~~ .008* 


100 .015 
BSC 


al? 


« INCREASE MAX LIMIT BY .003 INCHES 
MEASURED AT CENTER OF FLAT FOR 
SOLDER FINISH 


20 PAD CERAMIC LCC 


8 PIN TO-99 METAL CAN 


, 016 
— 019 .027 


335 321 
370 .325 


cia 


*Dimension Maximum Limits Are Increased by 0.003 inches for Solder Dip Finish 


NOTE: All Dimensions are wlll , Dimensions are in inches. 
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LEAD MATERIAL: Type B 
LEAD FINISH: Type A 
PACKAGE MATERIAL: Ceramic, 90% Alumina 
PACKAGE SEAL: 

Material: Glass Frit 

Temperature: 450°C + 10°C 

Method: Furnace Seal 
INTERNAL LEAD WIRE: 

Material: Aluminum 

Diameter: 1.25 Mil 

Bonding Method: Ultrasonic 
COMPLIANT OUTLINE: 38510 D-4 


PAD MATERIAL: Type C 
PAD FINISH: Type A 
FINISH DIMENSION: Type A 
PACKAGE MATERIAL: Ceramic, 90% AloO03 
PACKAGE SEAL: 
Material: Gold/Tin (80/20) 
Temperature: 320°C + 10°C 
Method: Furnace Braze 
INTERNAL LEAD WIRE: 
Material: Aluminum 
Diameter: 1.25 Mil 
Bonding Method: Ultrasonic 
COMPLIANT OUTLINE: 38510 C-2 


LEAD MATERIAL: Type A 
LEAD FINISH: Type C 
PACKAGE MATERIAL: Kovar Header with 
Nickel Can 
PACKAGE SEAL: 
Material: No Seal Material 
Temperature: Room Temperature 
Method: Resistance Weld 
INTERNAL LEAD WIRE: 
Material: Aluminum 
Diameter: 1.25 Mil 
Bonding Method: Ultrasonic Bonded 
COMPLIANT OUTLINE: 38510 A-1 


+ Mil-M-38510 Compliant Materials, Finishes, and Dimensions. 


w@ HARRIS HA-2640 


DESIGN INFORMATION High Voltage 
Operational Amplifier 


The information contained in this section has been developed through characterization by Harris Semiconductor and is for- 
use as application and design aid only. These characteristics are not 100% tested and no product guarantee is implied. 


Typical Performance Curves unless Otherwise Specified: Ta = +25°C, Vsyppiy = +40V 


INPUT BIAS AND OFFSET CURRENT vs. TEMPERATURE INPUT NOISE CHARACTERISTICS 


: 


INPUT NOISE VOLTAGE (nV/VHz) 


< INPUT NOISE CURRENT Hf 
= ee Baill 
2 ? 
WwW 
& NI 
3 BIAS CURRENT sai + on at titty 
ttt, tT TTT (| el 
PN | ‘ | 1 rr pe 
ttt ak ace Pal f : 
100 1K - 
FREQUENCY (Hz) i = 
+25 +50 +75 +100 +125 << 
"Be enATi (°C) a. = 
[56 
oO 


NORMALIZED A.C. PARAMETERS vs. TEMPERATURE OUTPUT CURRENT CHARACTERISTIC 


OUTPUT VOLTAGE (VOLTS) 


+75 +100 +125 
TEMPERATURE (°C) 


OUTPUT LOAD CURRENT (mA) 
NORMALIZED A.C. PARAMETERS QUIESCENT SUPPLY CURRENT vs. SUPPLY CURRENT 
vs. SUPPLY VOLTAGE @ +25°C TAMBIENT = +25°C 


SUPPLY CURRENT (mA) 


SEEEEEEee errr 
j=" ee 
(i 


18 22 
SUPPLY VOLTAGE (VOLTS) SUPPLY eee (+V) 


NORMALIZED VALUE REFERRED TO + 30V 
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DESIGN INFORMATION (continuea) 


The information contained in this section has been developed through characterization by Harris Semiconductor and is for 
use as application and design aid only. These characteristics are not 100% tested and no product guarantee is implied. 


Typical Performance Curves Unless Otherwise Specified: Ta = +25°C, VguPPLy = +40V 


- 45 


- 90 


OUTPUT VOLTAGE SWING vs. FREQUENCY @ +25°C OPEN LOOP GAIN AND PHASE RESPONSE vs. FREQUENCY 
er 
100 
————— se 
Ricans | CM TI st EL ae Ill 
: a Cee °F CCST eT 
Tn cl Saini TTT TT ease 
CET ET TTT TTT TTS TT == 
SHOT CECT COT CTS 
COT TTS CC CC TT 
TCT CT ISSO CO 
Ss 0 A 
10K 100K 10M 100M 
FREQUENCY (Hz) 


PEAK - TO- PEAK VOLTAGE SWING 


FREQUENCY (Hz) ” 
OPEN LOOP FREQUENCY RESPONSE FOR 
OUTPUT VOLTAGE SWING vs. SUPPLY VOLTAGE VARIOUS VALUES OF CAPACITORS AT 
TAMBIENT = +25°C COMPENSATION PIN TO GROUND 


ce LEGEND: sores = OpF, mmm = SOpF, ma = 100PF, exer = 3OOPF, mmm = 1000pPF 


enti 

Hiiiige=s ca eee a ccom ta {Tome | 
ima es Soul TT | 
TM Ha Bes BS inc 
en a ae Phase | ITI 

< ce aM iil He So aah 
ai Sse 


TM stant Be SU 
a0 0 UM. 


100 10K 100K 10M 100M 
FREQUENCY (Hz) 


A 
He 


OUTPUT VOLTAGE SWING (+ V) 


surPLy VOLTAGE (2 ” NOTE: External compensation components are not required for stability, 


but may be added to reduce bandwidth if desired. If external compensation is 
used, also connect 30pF to 100pF capacitor from output to ground to act as 
a high frequency filter. This value may be tailored (or omitted) to help insure 
stability. 


SUGGESTED OFFSET VOLTAGE ADJUSTMENT 
AND COMPENSATION CONNECTION 


Tested Offset Adjustment is | Vog + 1mvV| 
Minimum Referred to Output. 
Typical Range is +20mV for Ry = 10kN 
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DESIGN INFORMATION (continuea) 


The information contained in this section has been developed through characterization by Harris Semiconductor and is for 
use as application and design aid only. These characteristics are not 100% tested and no product guarantee is implied. 


TYPICAL PERFORMANCE CHARACTERISTICS 
Device Characterized at: Supply Voltage = +40V, Ry = 5k, Cy = 50pF, Unless Otherwise Specified. * 


DESIGN 
PARAMETERS CONDITIONS TEMP TYPICAL LIMIT UNITS 


f 
f 


Average Offset Voltage Drift Versus Temperature Lo Fuse fo. a8 4.20. .4 uV/OC 


Input Noise Voltage Density 


=— eno | -90-—4 


Input Noise Current Density 


Pe a 
a ee ME Me 


Large Signal Voltage Gain Ri = 5k | 42500 | 2 | Table 1 MV/V 


Rpanaioocincs Fo aegipag uae ——*d ee | 
Toure tcom id vere | s 
= 


Phase Margin Open Loop, 0dB Crossing 


CMRR AVcm = +20V 


Unity Gain Bandwidth 


Gain Bandwidth Product 
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HARRIS 


HA-4741/883 


Quad Operational Amplifier 


January 1989 


Features 


e This Circuit is Processed in Accordance to Mil-Std- 
883 and is Fully Conformant Under the Provisions of 
Paragraph 1.2.1. 


e Slew Rate 0.9V/us (Min) 


@ Bavituleihy.. ..06. 6.6 oes cthlnecdses chbts 2.5MHz (Min) 
3mV (Max) 
200nA (Max) 
9nV/\/Hz (Typ) 


e Input Offset Volitage 

e Input Bias Current 

e Input Voltage Noise 

e No Crossover Distortion 
e Standard Quad Pinout 


Applications 

e Universal Active Filters 

¢ D3 Communications Filters 
e Audio Ampliers 


e Battery-Powered Equipment 


Pinouts 


HA1-4741/883 (CERAMIC DIP) 
TOP VIEW 


Description 


The Harris HA-4741/883, which contains four amplifiers on 
a monolithic chip, provides a new measure of performance 
for general purpose operational amplifiers. Each amplifier in 
the HA-4741/883 operating specifications that equal or 
exceed those of the 741-type amplifier in all categories of 
performance. 


The HA-4741/883 is well suited to applications requiring 
accurate signal processing by virtue of its low values of 
input offset voltage (8mV max), input bias current (200nA 
max) and input voltage noise (QnV/\/Hz typ @1KHz). The 
2.5MHz bandwidth, coupled with high open loop gain, allow 
the HA-4741/883 to be used in designs requiring amplifiers 
of wide band signals, such as audio amplifiers. Audio 
application is further enhanced by the HA-4741/883’s 
negligible output crossover distortion. These excellent 
dynamic characteristics also make the HA-4741/883 ideal 
for a wide range of active filter designs. Performance 
integrity of multi-channel designs is assured by a high level 
of amplifier-to-amplifier isolation (@O0dB @ 10KHz). 


A wide range of supply voltages (+2V to +20V) can be used 
to power the HA-4741/883, making it compatible with 
almost any system including battery-powered equipment. 


The HA-4741/883 is available in a 20 pin Ceramic LCC 
package as well as the 14 pin Ceramic DIP. The HA-4741/ 
883 operates from -55°9C to +125°9C. 


HA4-47 41/883 (CERAMIC LCC) 
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Specifications HA-4741/883 


Absolute Maximum Ratings 


Voltage Between V+ and V- Terminals. ...........00ceeeeees 40V 
Ditlerentel APul-VORGGOs e660 sews ws ei ewewererperenies ees 15V 
Voltage at Either Input Terminal .................00 00s V+ to V- 
Output Current ......... Indefinite (One Amplifier Shorted to GND) 
JURGHOM Temperate LT. 4) coi: s .neses noses wee ietrance Rie nena +175°9C 
Storage Temperature Range ................. -65°9C to +150°C 
PPI asc cha deen ee ceeds wee eel weaken ae ay cadec te ce <2000V 
Lead Temperature (Soldering 10 sec)............0000eee +275°C 


CAUTION: Absolute maximum ratings are limiting values, applied 
individually beyond which the serviceability of the circuit may be impaired. 
Functional operability under any of these conditions is not necessarily 
implied. 


Recommended Operating Conditions 


Operating Temperature Range ............... -55°C to +1259C 
Operating Supply Voltage: ...5. c:ccrewls cccwccnscedes +5V to + 15V 


Thermal Information 


Thermal Resistance Bia Vic 
Ceramic DIP Package .........0.se008. 879C/W = 239C/W 


Ceramic LCC Package ...............; 85°C/W = 26°C/W 
Package Power Dissipation Limit at +75°C for Ty < +175°C 
eROSHIG LU BACK AGG. i6-c sacar azeze mcm ne suum waa arene eee 1.15W 
Ceramic te PAGKAGC b ocean siete ge 0s oe CuNeed <eaehoriei 1.18W 
Package Power Dissipation Derating Factor Above +759C 
Cefamic DIP Package sh... ice ssc sec ecadsenseweene 11.5mW/°C 
Ceramic LCC Package ..........cccccccecceecces 11.8mW/°C 


Ri > 2ka 


TABLE 1. D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 


Device Tested at: Supply Voltage = +15V, RgouRCE = 1002, RLOAD = 500k, Vout = OV, Unless Otherwise Specified. 


input Offset Voltage 


Vom =0V 


input Bias Current 


| Vom =OV 
+Rs = 1009 
-Rs = 10k 
Input Offset Current Vom =0V 
+Rg = 10k 
-Rs = 10k 


Common Mode Range 


Large Signal Voltage Gain Vout = OV and +10V 


Ryu = 2k 


VouT = OV and -10V 
Ry = 2kN 


Common Mode Rejection 
Ratio 


AVcm = +10V 
+V = +25V 
-V = -5V 
VouT = +10V 


Cin 


+1259C, -55°C 


ew 
ee eo 
| 2.9 | +12s00,-s500 | 22s | 

se [os [es 


Z 


2 


> 


e 
z 
> 1515 > 3 
w 


+1259C, -55°C 


> 


aaa 


bare @v wd 

peat ei 

ee aye 30 
nee | -7 | 7 
3 aatins 3 za 
p29 | +1esnc.-ss00 | 12. | 
ee ee 
| 23 | steseo.-ssec | - | 
[Se aA Ge 0: a 
| 568 | +12sec,-s500 | 25 _| 
Nearer 50 | 
pe 25 | 
Le papel = 
cae as re 


+125°9C, -55°C 


+125°C, -55°9C 


+1259C, -55°C 


CAUTION: This device is sensitive to electrostatic discharge. Proper |.C. handling procedures should be followed. 
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TABLE 1. D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 
Device Tested at: Supply Voltage = +15V, RSQURCE = 1002, RLOAD = 500k, Vout = OV, Unless Otherwise Specified. 


GROUP A LIMITS 
CONDITIONS SUBGROUP | TEMPERATURE 


LIN 
Prenat 28) eo | ae 
eae ee +1259C, -55°9C 
es 
| 5.6 __| +125°¢,-559C_ 
fae, ees ee Se 
| s.6 | +1250¢,-550C | 
cA os 22 
eee 
bs Ac | 
ae 
ae 


UNITS 


D.C. PARAMETERS SYMBOL 
Output Voltage Swing +VouT1 | RL =10k2 
L= 


=10kN 


Vv 


| 


+125°C, -55°C 


cola 
eon 
geist 
inecree 
i. sete = 
-.-+aseg |---| 
ae 
4 
aS 
= 
[ea 
0 | 


Output Current 


> 


+1259C, -55°C 


m 
m 
m 


> 


Ba 


+1259C, -55°C 


+125°C, -55°C 
| 2,3 __ | +1250¢,~55°C 


TABLE 2. A.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 


B 


Quiescent Power 


12 
-12 
-10 
Supply Current 2 


m 
m 
m 


BR 


> 


m 


> 


m 


Power Supply 
Rejection Ratio 


AVsup = +5V 
+V = +10V, -V =-15V 
+V = +20V, -V = -15V 


AVsup = -5V 
+V = +15V, -V =-10V 
+V = +15V, -V =-20V 


Device Tested at: Supply Voltage = +15V, RgouRCE = 50, RLOAD = 2kQ, CLoAp = 5OpF, Ayci = +1V/V, 
Unless Otherwise Specified. 


LIMITS 
GROUP A 
PARAMETERS SYMBOL CONDITIONS SUBGROUP | TEMPERATURE | MAX | 
140 
140 


Rise & Fall Time Vout = 0 to +200mV +25°C 
10% <TR < 90% 

if VoutT = 0 to -200mV +25°C 
10% <TF < 90% 


+SR 
TR 
Os 


Overshoot 


Gain Bandwidth Product GBWP VouT = 50mV +25°9C 
(Small Signal) 
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TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 
Device Characterized at: Supply Voltage = +15V, RLOAD = 2k, CLOAD = 50pF, Unless Otherwise Specified. 


PARAMETERS SYMBOL CONDITIONS NOTES 


Differential Input Vom = OV 
Resistance 


LIMITS 


Full Power Bandwidth FPBW | VpgaK = 10V 


Stable Gain 
1 
1,3 


Output Resistance ROUT Open Loop 


Quiescent Power PC Vout = OV, lout = OmA 
Consumption 


NOTES: 1. Parameters listed in Table 3 are controlled via design or process parameters and are not directly tested at final production. These parameters are 
lab characterized upon initial design release, or upon design changes. These parameters are guaranteed by characterization based upon data 
from multiple production runs which reflect lot to lot and within lot variation. 


Channel Separation f = 10kHz, Rg = 1k 
Referred to Input 


Ay = 100V/V 


2. Full Power Bandwidth guarantee based on Slew Rate measurement using FPBW = Slew Rate/(2nVpe ax). 


3. Quiescent Power Consumption based upon Quiescent Supply Current test maximum. (No load on outputs.) 


TABLE 4. ELECTRICAL TEST REQUIREMENTS 


[eo cavenens dP 


* PDA applies to Subgroup 1 only. 


The Subgroup assignments of the parameters in these tables were patterned 
after Mil-M-38510/110. 
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HA-4741/883 


Test Circuit 


ACQuT 
* INCLUDES STRAY 
CAPACITANCES 0 V1 
* 
10K SOpF FOR LOOP STABILITY, 
USE MIN VALUE CAPACITOR 
TO PREVENT OSCILLATION 


balks 
So 1 > 


S8 
S2 1 1 S85 S7 seat > 
OPEN 20 OPEN | 98 Ei. V V BUFFER 
10K aan Oe : 
, 2K 10K 
VAC 0.1 |1 -V 
100] $100 = EE > 
Le | bd ail 
92 os 
54 ALL RESISTORS = + 1% (2) 


50K 
ALL CAPACITORS = + 10% (F) 


One of the Four Loops. For Detailed Information, Refer to HA-4741/883 Test Tech Brief. 


Test Waveforms 
SIMPLIFIED TEST CIRCUIT 


VAC 
VAG 
IN OUT 


SLEW RATE WAVEFORMS 


+ 5.0V + 5.0V 5.0 + 5.0V 
INPUT 

- 5.0V - 5.0V - 5.0V - 5.0V 

+ SL - SL 

OVERSHOOT, RISE & FALL TIME WAVEFORMS 
+ 200mV OV 
INPUT 
OV - 200mV 
Tat OS 176s 
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Burn-In Circuits 


HA1-4741/883 CERAMIC DIP 


OP AMPs & 
COMPARATORS 


HA4-47 41/883 CERAMIC LCC 


NOTES: 

Ry = Ro = Rg = Rg = 1MQ, +5%, 1/4W (Min) 

Cy = Co = 0.01pF/Socket (Min) or 0.1nF/Row (Min) 
D1 = Do = IN4002 or Equivalent/Board 

| (V+) - (V-) |= 30V 
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HA-4741/883 


Schematic Diagram (‘/s HA-4741/883) 


ec ; 
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Qi : 3 
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ZN 
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HA-4741/883 


Die Characteristics 


DIE DIMENSIONS: GLASSIVATION: 
87 x 75 x 19 mils Type: Nitride 
(2210 x 1910 x 483 um) Thickness: 7kA + 0.7kA 
METALLIZATION: TRANSISTOR COUNT: 72 
ie pire 7 PROCESS: Junction Isolated Bipolar/JFET 
ee: > DIE ATTACH: 
WORST oo pa aaa DENSITY: Material: Gold/Silicon Eutectic Alloy 
1.68 X 10°A/cm Temperature: Ceramic DIP — 460°C (Max) 
SUBSTRATE POTENTIAL (Powered Up): V- Ceramic LCC — 420°C (Max) 


Metallization Mask Layout 
HA-4741/883 


-IN 1 OUT 1 OUT 4 -IN 4 


+IN 1 


-IN2@ 


NOTE: Pin Numbers Correspond to Ceramic DIP Package Only. 
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COMPARATORS 


HA-4741/883 


Packaging t 
14 PIN CERAMIC DIP 


ale 


* INCREASE MAX LIMIT BY .003 INCHES 
MEASURED AT CENTER OF FLAT FOR 


SOLDER FINISH 

LEAD MATERIAL: Type B INTERNAL LEAD WIRE: 

LEAD FINISH: Type A Material: Aluminum 

PACKAGE MATERIAL: Ceramic, 90% Alumina Diameter: 1.25 Mil 

PACKAGE SEAL: Bonding Method: Ultrasonic 
Material: Glass Frit COMPLIANT OUTLINE: 38510 D-1 


Temperature: 450°C + 10°C 
Method: Furnace Seal 


20 PAD CERAMIC LCC 


PAD MATERIAL: Type C INTERNAL LEAD WIRE: 

PAD FINISH: Type A Material: Aluminum 

FINISH DIMENSION: Type A Diameter: 1.25 Mil 

PACKAGE MATERIAL: Multilayer Ceramic, 90% Alumina Bonding Method: Ultrasonic 
PACKAGE SEAL: COMPLIANT OUTLINE: 38510 C-2 


Material: Gold/Tin (80/20) 
Temperature: 320°C + 10°C 
Method: Furnace Braze 


Min , Dimensions are in inches. ¢ Mil-M-38510 Compliant Materials, Finishes, and Dimensions. 
X 
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NOTE: All Dimensions are 


i HARRIS 


DESIGN INFORMATION 


HA-4741 


Quad Operational Amplifier 


The information contained in this section has been developed through characterization by Harris Semiconductor and is for. 
use as application and design aid only. These characteristics are not 100% tested and no product guarantee is implied. 


Typical Performance Curves unless Otherwise Specified: Ta = +25°C, Vgyppty = +15V 


OPEN LOOP FREQUENCY RESPONSE OUTPUT VOLTAGE SWING vs. FREQUENCY 


Soe Dg i et ct oo a See 
|| Hii he | | HE | +s tt Va = 28V4 28V HH 


u 2K 
SL Ret ge 
ma NT | 
GEE EL 
Hsien {EL 


RL on 


toi aa a Soa Nit 
ES ie ciniCN 
a 


AL] ¥ 
ai Dsl th 180° ot HT Ht 
mail Bhi. ott ttt UNG Sm 


100 10K 100K Ht (VOLTAGE FOLLOWER) sail 
rege - Hz CL = Spr eet Sa 


FREQUENCY - Hz 


OUTPUT VOLTAGE SWING - (VOLTS p-p) 


OP AMPs & 
COMPARATORS 


NORMALIZED A.C. PARAMETERS vs. SUPPLY VOLTAGE NORMALIZED A.C. PARAMETERS vs. TEMPERATURE 


ce ee ‘| aS | 
SSS cro ms sl ae “peo PE Se ae ETS ee a 
Y SLEW RATE 
a BANDWIDTH 
He acto et eee | 


_ 
o 


NORMALIZED A. C. PARAMETERS 
REFERRED TO VALUE AT t 15V 
NORMALIZED VALUE REFERRED TO ¢ 25°C 


SUPPLY VOLTAGE TEMPERATURE (0°C) 


SMALL SIGNAL BANDWIDTH AND PHASE MARGIN vs. 
INPUT NOISE vs. FREQUENCY LOAD CAPACITANCE 


Ed CT 
a | | ll 
| Noonasemanom | TTT TTT TET 
mE * yo eh ll watill 

Baill mail | 
Sot 


Hz) 


UNITY BANDWIDTH —Hz 


UT CURRENT NOISE (PA/ /j) 
PHASE MARGIN 


VOLTAGE NOISE (nV/ 


IN 


4 
bs 
ie 
ie! 
ae 
ee 
ao 
i 
ae 
i 
ti 


LOAD ar eaake -pF 


FREQUENCY - Hz 
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HA-4741 


DESIGN INFORMATION (continued) 


The information contained in this section has been developed through characterization by Harris Semiconductor and is for 
use as application and design aid only. These characteristics are not 100% tested and no product guarantee is implied. 


Typical Performance Curves unless Otherwise Specified: Ta = +25°C, VguppLy = +15V 


MAXIMUM OUTPUT VOLTAGE SWING vs. 
CHANNEL SEPARATION vs. FREQUENCY LOAD RESISTANCE 


hae oe em LE aC UI aa I || a 
veo rT ee ia al | |S = SSR ReTili 
a ET = 
si ain si Sy OD) A 
Z Be Ae 
zs S16 Pa A A eu 
: ELAM TT TT 
g ens ie a MEG R RBG Lit Ss ie BU 
7 e U7 a TT TTT 
Bt LA Se a ee 
20 St LLU TT tT 
oe ELM Se ee 

sc 100 eueice : 10K 100K Me “a RESISTANCE ~- Bae we 
INPUT BIAS AND OFFSET CURRENT vs. TEMPERATURE POWER CONSUMPTION vs. TEMPERATURE 


CURRENT - nA 
POWER CONSUMPTION-mW 


TEMPERATURE - °C TEMPERATURE-°C 
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HA-4741 


DESIGN INFORMATION (continued) 


The information contained in this section has been developed through characterization by Harris Semiconductor and is for 
use as application and design aid only. These characteristics are not 100% tested and no product guarantee is implied. 


TYPICAL PERFORMANCE CHARACTERISTICS 


Device Characterized at: Suppiy Voltage = +15V, RL = 2k, C_ = 50pF, Ay = +1 V/V, Unless Otherwise Specified. 


UNITS 


= 
< 


A 


Table 1 


OP AMPs & 
COMPARATORS 


I 2004 
ves0c | 95 | tabi 
[Chanmelseparaton | fo 2towtizRg=sen | 42500 | 100 | abies 
Small Signal Bandwidth |Vourstoomv = teste |g Table 2 
Table 
prema | sas00 [ates [tobe 
Rise/Fall Time Table 2 es 

| 
=e 


Slew Rate VouT = +5V | 42sec | 146 Table 2 VW/uS 
Tra [3 


Output Voltage Swing 


Open Loop 


Vout = +200mvV, -200mV 


Overshoot 


VouT = +200mvV, -200mV 


Quiescent Supply Current No Load Table 1 


Power Supply Rejection Ratio AVsup = +5V 


Minimum Supply Voltage Functional Operation Only. Other +25°C 
Parameters will vary. 


+5 Vv 
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™ HARRIS 


HA-4902/883 


January 1989 Precision Quad Comparator 


Features 


e This Circuit is Processed in Accordance to Mil-Std- 
883 and is Fully Conformant Under the Provisions of 
Paragraph 1.2.1. 


e Fast Response Time (+25°C) .......... 215ns (Max) 
180ns (Typ) 

e Low Offset Voltage (+25°C) ............. 5mvV (Max) 
2mV (Typ) 

e Low Input Sensitivity ................-. 0.5mV (Max) 
0.05mV (Typ) 

e Low Offset Current (+25°C) ............ 35nA (Max) 
10nA (Typ) 


e Single or Dual-Voltage Supply Operation 
e Selectable Output Logic Levels 


e Active Pull-Up/Pull-Down Output Circuit — 
No External Resistors Required 


Applications 


e Threshold Detector 

e Zero-Crossing Detector 

e Window Detector 

e Analog Interfaces for Microprocessors 
e High Stability Oscillators 

e Logic System Interface 


Description 


The HA-4902/883 is a monolithic, quad, precision 
comparator offering fast response time, low offset voltage, 
low offset current, and virtually no channel-to-channel 
crosstalk for applications requiring accurate, high speed, 
signal level detection. This comparator can sense signals at 
ground level while being operated from either single +5V 
supply (digital systems) or from dual supplies (analog 
networks) up to +15V. The HA-4902/883 contains a unique 
current driven output stage which can be connected to logic 
system supplies (VLOGIC+ and VLOGIC-) to make the 
output levels directly compatible (no external components 
needed) with any standard logic or special system logic 
levels. In combination analog/digital systems, the design 
employed in the HA-4902/883 input and output stages 
prevents troublesome ground coupling of signals between 
analog and digital portions of the system. 


This comparator’s combination of features makes it an ideal 
component for signal detection and processing in data 
acquisition systems, test equipment, and microprocessor/ 
analog signal interface network. 


The HA-4902/883 is available in a 16 pin Ceramic DIP 
package and in a 20 pin Ceramic LCC package and is 
specified over the military, -55°C to +125°9C, temperature 
range. 


Pinouts 


HA1-4902/883 (CERAMIC DIP) 
TOP VIEW 


HA4-4902/883 (CERAMIC LCC) 
TOP VIEW 


-IN 1 
+1N 1 
NC 
Vv - 
+iIN2 
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Specifications HA-4902/883 


Absolute Maximum Ratings Thermal Information 
Voltage Between V+ and V- Terminals..............ceeeeeee 33V Thermal Resistance 8ja Bic 
Differential Input Voltage... 2... .. cece cee eee eee eeees +15V Ceramic DIP Package ................+. 76°C/W = 179C/W 
FO UU CIs Sieg cd. dd ua cesses ved vee ages eenens +50mA Ceramic LCC Package ..............+. 76°9C/W = 199C/W 
Output Short Circuit Current Duration ................. Indefinite Package Power Dissipation at +75°C 

(One Amplifier Shorted to GND) Sami CIP PAGWA Oe ic ick on on 0 osc. b ede ws eeu ddeaweta 1.31W 
SANS TONIBOPATUNS o.cicc cosccurens nese abv eens cues noes +175°C RECON ECG FPBCRROO iio cs snes ve dans beoees cas 0keans 1.32W 
Storage Temperature Range,..............25- -65°C to+150°C Package Power Dissipation Derating Factor Above +75°C 
CG ers rnies ooo iv CARR a ev eog eee ae eenS < 2000V Coramic DIP PaCkage o..:cscscacecicescevsecctyes 13.1mW/°C 
Lead Temperature (Soldering 10 sec)............ 0c cease +275°9C Ceramic LCC Package. ..6.csccscccnseccevctenecs 13.1mW/°C 


CAUTION: Absolute maximum ratings are limiting values, applied 
individually beyond which the serviceability of the circuit may be impaired. 
Functional operability under any of these conditions is not necessarily 
implied. 


Recommended Operating Conditions 


Operating Temperature Range ............... -559C to +125°9C ~— Logic Supply Voltage (Vit) .....ccceccscecccstctescvdvoecs +5V 
CPSTAUrigs Sapeny VONENO sor srs Oe ee £15V °~Logic Reference Voltage (Vi'=).o 3 seirorr ere eee OV 


TABLE 1. D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 


Device Tested at: Supply Voltage = +15V, Vi = OV, Unless Otherwise Specified. 


LIMITS 
UN 


ITS 
Se a 
ia5ec, 5600 | 8 


[6500 | 200 
+125°C, -55°C 
[rae -500 | a5 


“4 
m 
= 
vU 
m 
me] 
> 
+ 
Cc 
Pe!) 
m 


GROUP A 
D.C. PARAMETERS SYMBOL CONDITIONS SUBGROUP 
Input Offset Voltage VIO Vom = OV, VouT = 1.4V 
See Note 3 
oes 
ea oe 


OP AMPs & 
COMPARATORS 


> 


Input Bias Current 


= oe | 
>| > 


150 


= 
> 


Input Offset Current 


“a 
ro 
oO 
fe) 
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' 
oy) 
oO 
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a 
ae 
ai 
9 
1?) 
1 
ot 
oO 
oO 


Vom = OV 
See Note 3 


< 


Input Sensitivity 


3 


Output Voltage Levels IsSINK = 3mA 


sa am 
Logic Current Vout = VoL: VoH 


CAUTION: This device is sensitive to electrostatic discharge. Proper |.C. handling procedures should be followed. 


“a 
nm 
162) 

[e) 
?) 


+125°9C, -55°C 
+1259C, -55°9C 
[2500 
+125°9C, -55°C 
+125°9C, -55°C 


+125°C, -55°C 


+125°9C, -55°C 


+ 
Nn 
a 


Output Current 


A 


= 


= = 


3 
>} > 


Supply Current 


mA 


= 


>| >| > 


mA 
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TABLE 2. A.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 


Table 2 Intentionally Left Blank. See A.C. Specifications on Table 3. 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


Device Characterized at: Supply Voltage = +15V, VL = GND, Unless Otherwise Specified. 


LIMITS 
PARAMETERS MIN, | MAX | UNITS 


+100mvV Input Step, 10mV Overdrive 


-100mV Input Step, -10mV Overdrive 


NOTES: 1. Parameters listed in Table 3 are controlled via design or process parameters and are not directly tested at final production. These parameters are 
lab characterized upon initia! design release, or upon design changes. These parameters are guaranteed by characterization based upon data 
from multiple production runs which reflect lot to lot and within lot variation. 

2. F x 100Hz, duty cycle + 50%, inverting input driven, all unused inverting inputs tie to +5V. 

3. Refer to enlarged area of test waveform A. Offset voltage is measured when Voyrt = 1.4V. Sensitivity is measured on the transition edge at 0.4V 
and 3.5V. Sensitivity is the change in differential input voltage required to change the output state. Sensitivity includes the effects of offset voltage, 
offset current, common mode rejection and voltage gain. 


TABLE 4. ELECTRICAL TEST REQUIREMENTS 


Group A Test Requirements 


* PDA applies to Subgroup 1 only. 
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HA-4902/883 


Test Circuit (Applies to Tables 1 and 3) 


OSCILLOSCOPE 
CHANNEL A 


CALIBRATED 
FUNCTION 
GENERATOR 


S24 1kN 


SEE TEST 
WAVEFORM A OSCILLOSCOPE 
CHANNEL B 


= Vv, -= ov 


PULSE 
GENERATOR 


SEE TEST -45V 
WAVEFORM B ANALOG 
SWITCH POSITION 1 FOR D.C. PARAMETERS GND 
SWITCH POSITION 2 FOR A.C. PARAMETERS DIGITAL 
1 OF 4 TEST LOOPS FOR THE HA - 4902 / 883 DUT os GND 


For Detailed Information, Refer to HA-4902/883 Test Tech Brief 


Test Waveform A (Applies to Table 1) 


ENLARGED VIEW 
INPUT: CHANNEL A 


OP AMPs & 
COMPARATORS 


INPUT: 
CHANNEL A CALIBRATED RAMP ae 
(20V,, -p: VA “7 ee aeertCR Sm eee ae ee 4 AV 
fo ~100Hz) : . 7 | 4 
| 
| | | 
a oo 
fromm ten 
VOH | ia VOH 
(= + 4.5V) lt foo (~ + 4.5V) 
DUT OUTPUT: 7 3 AV 
CHANNEL B i 
ged ! V SENSITIVITY = 35 
(~ OV) 4 OFFSET VOLTAGE 


(Vio) = T5a0 
SEE ENLARGED VIEW 1000 


DUT OUTPUT: CHANNEL B 


Test Waveform B (Applies to Table 3) 
RESPONSE TIME 
Vio + 10mV 


INPUT INPUT 
| 
VOH VOH 
OUTPUT : ay OUTPUT 
| | VOL 
| | 
1 | 
tpd (0) 


NOTE: Response time testing is done after Vio testing to acquire the actual device offset voltage. 
10mV overdrive is then added (or subtracted depending on state) to this measured Vio value. 
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Burn-In Circuits 


HA-4902/883 


HA1-4902/883 CERAMIC DIP 


+ 

2 
D @ 
j 


so 2 
= 


\/ 
V-oO 
C3 
\/ 
+5VC 
V-O 
NOTES: 
Ry = 5k, +5% 


Cy = Co = Cg = 0.01pF/Socket (Min) or 0.1 hF/Row (Min) 
C4 = Cs = Cg = 0.01 pF/Socket (Min) or 0.1 pF/Row (Min) 
Dy = Do = Dg = IN4002 or Equivalent/Board 

| (V+) - (V-) |= 30V 

V_- = OV, VL+ = 5V 

fo = SV (Static Burn-in) 


ue 
iS 


HA4-4902/883 CERAMIC LCC 


3-178 


ANALOG 
GND 


| DIGITAL 
== GND 


IV, 


ANALOG 
ob aya 


DIGITAL 
E end 


HA-4902/883 


Schematic Diagram (1/4 of HA-4902/883) 


V+ 
R5 
360 
7 Pele a 
bes rena: 
PRI 
200K 
032 
e ey 
a3 ouT 
a21 
MN6 
BIAS 2 VLocic (-) 
ose VT D9A 
Q9A 
R20B> R20A MN1 
= fe TAGs 
y- 


ALL RESISTORS = (2Q) 
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Die Characteristics 


DIE DIMENSIONS: 
95 x 105 x 19 mils 
(2420 x 2670 x 483 um) 


METALLIZATION: 
Type: Aluminum 
Thickness: 16kA + okA 


WORST CASE CURRENT DENSITY: 
0.4 x 10°A/cm2 


SUBSTRATE POTENTIAL (Powered Up): V- 


Metallization Mask Layout 


-IN 1 


OUT 1 


-IN2 OUT 2 


4902/883 


GLASSIVATION: 

Type: Nitride 

Thickness: 7kA = 0.7kA 
TRANSISTOR COUNT: 137 


PROCESS: Combination of Std. Linear and 
MOS Dielectric Isolation 


DIE ATTACH: 
Material: Gold/Silicon Eutectic Alloy 
Temperature: Ceramic DIP — 460°C (Max) 
Ceramic LCC — 420°C (Max) 


HA-4902/883 


Viocic + OUT4 -IN4 


OUT3 -IN3 


VLOGIC ~ 


NOTE: Bond Pad Numbers Correspond to 16 Pin Ceramic DIP Only. 
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HA-4902/883 


Packaging* 
16 PIN CERAMIC DIP 
753 
785 140 
.005 MIN 170 
een ORONO OES 
200 MAX 
1 
015 150 MIN 
060 
125 .080 MAX 
180 016 100 
023 
.050* 


LEAD MATERIAL: Type B 
LEAD FINISH: Type A 
PACKAGE MATERIAL: Ceramic, 90% Alumina 
PACKAGE SEAL: 
Material: Glass Frit 
Temperature: 450°C + 10°C 
Method: Furnace Seal 


20 PAD CERAMIC LCC 


-075 


PAD MATERIAL: Type C 
PAD FINISH: Type A 
FINISH DIMENSION: Type A 
PACKAGE MATERIAL: Multilayer Ceramic, 90% Alumina 
PACKAGE SEAL: 
Material: Gold/Tin (80/20) 
Temperature: 320°C + 10°C 
Method: Furnace Braze 


NOTE: All Dimensions are Wer , Dimensions are in inches. 
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« INCREASE MAX LIMIT BY .003 INCHES 
MEASURED AT CENTER OF FLAT FOR 
SOLDER FINISH 


INTERNAL LEAD WIRE: 

Material: Aluminum 

Diameter: 1.25 Mil 

Bonding Method: Ultrasonic 
COMPLIANT OUTLINE: 38510 D-2 


-342 
.008 


INTERNAL LEAD WIRE: 

Material: Aluminum 

Diameter: 1.25 Mil 

Bonding Method: Ultrasonic 
COMPLIANT OUTLINE: 38510 C-2 


+ Mil-M-38510 Compliant Materials, Finishes, and Dimensions. 


OP AMPs & 
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HA-4902 


Precision Quad Comparator 


DESIGN INFORMATION 


The information contained in this section has been developed through characterization by Harris Semiconductor and is for 
use as application and design aid only. These characteristics are not 100% tested and no product guarantee is implied. 


Typical Performance Curves Unless Otherwise Specified: Ta = +25°C, Vsyppry = +15V, 
VLoGic + = 5V, VLoaic - = OV 


INPUT BIAS CURRENT vs. TEMPERATURE INPUT OFFSET CURRENT vs. TEMPERATURE 


S 
INPUT OFFSET CURRENT (nA) 


INPUT BIAS CURRENT (nA) 


nN 
o 


TEMPERATURE (°C) 


0 25 50 75 100 125 
TEMPERATURE (°C) 


INPUT BIAS CURRENT vs. COMMON MODE INPUT VOLTAGE 
(VDIFF = OV) 


INPUT BIAS CURRENT (nA) 


COMMON MODE INPUT VOLTAGE 


SUPPLY CURRENT vs. TEMPERATURE SUPPLY CURRENT vs. TEMPERATURE 
FOR +15V SUPPLIES AND +5V LOGIC SUPPLY FOR SINGLE +5V OPERATION 


V+ =5.0V 
VLoGic(+) =5.0V 
ViLoGic(-) =GND 


V+ =5.0V 
VLOGiCc(+) =5.0V 
VLoGic(-) =GND 


ae 


SUPPLY CURRENT (mA) 


SUPPLY CURRENT (mA) 


TEMPERATURE (oC) 


TEMPERATURE (°C) 
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HA-4902 


DESIGN INFORMATION (continuea) 


The information contained in this section has been developed through characterization by Harris Semiconductor and is for 
use as application and design aid only. These characteristics are not 100% tested and no product guarantee is implied. 


Typical Performance Curves unless Otherwise Specified: Ta = +25°C, VSUPPLY = +15V 
VLoaic + = 5V, VLoaic - = OV 


RESPONSE TIME FOR VARIOUS INPUT OVERDRIVES RESPONSE TIME FOR VARIOUS INPUT OVERDRIVES 


OG 6a ts 8 
oar 


: Be OVERDRIVE = 20mV 
Lj AN 


|| 
ER Sb Abigiee 
goer a came ren 
Se oe a a a 
om 


mV ” 
VIN VIN 8 6 
iefceee || [| el val ef 
-100 0 aod 
. Waboegie rt | L <x 
a & 
0 100 200 300 400 0 100 200 300 400 o= 
TIME (ns) TIME (ns) 8 
MAXIMUM POWER DISSIPATION vs. SUPPLY VOLTAGE 
MAXIMUM PACKAGE DISSIPATION vs. TAMBIENT (No Load Condition) 


PACKAGE DISSIPATION (WATTS) 
POWER DISSIPATION (mW) 


Kid 
Piss 4 VLoGic(+) 


25 50 75 100 125 
AMBIENT TEMPERATURE (0C) 


SUPPLY VOLTAGE (VOLTS) 


NOTE: Total Power Dissipation (TPD) is the sum of individual dissipation contributions of V+, V- and V_OGIC shown in 
curves of Power Dissipation vs. Supply Voltages. The calculated TPD is then located on the graph of Maximum Al- 
lowable Package Dissipation vs. Ambient Temperature to determine ambient temperature operating limits 
imposed by the calculated TPD (See Performance Curves). For instance, the combination of +15V, 5V, OV (+V, 
Vioaic + VLOGIc ~) gives a TPD of 350mW, the combination +15V, OV gives a TPD of 450mW. 
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DESIGN INFORMATION (continuea) 


The information contained in this section has been developed through characterization by Harris Semiconductor and is for 
use as application and design aid only. These characteristics are not 100% tested and no product guarantee is implied. 


TYPICAL PERFORMANCE CHARACTERISTICS 


Device Characterized at: Supply Voltage = +15V, V_+ = 5V, VL- = OV, Unless Otherwise Specified. 


PARAMETERS CONDITIONS 


Input Bias Current 


Input Offset Current 


Input Sensitivity 


Output Level 


Supply Current 


Logic Current 


Applying The HA-4902 Comparator 


Supply Connections 


This device is exceptionally versatile in working with most 
available power supplies. The voltage applied to the V+ and 
V- terminals determines the allowable input signal range, 
while the voltage applied to the V_+ and VL- determines the 
output swing. In systems where dual analog supplies are 
available, these would be connected to V+ and V-, while the 
logic supply and return would be connected to VLOGIC + 
and VLOGIC -. The analog and logic supply commons can 
be connected together at one point in the system, since the 
comparator is immune to noise on the logic supply ground. A 
negative output swing may be obtained by connecting Vi_+ to 
ground and V|_- to a negative supply. Bipolar output swings 
(15Vp-p, max.) may be obtained using dual supplies. In sys- 
tems where only a single logic supply is available (+5V to 
+15V), V+ and VLoGic + may be connected together to the 
positive supply while V- and VLOGIC - are grounded. If an 
input signal could swing negative with respect to the V- 
terminal, a resistor should be connected in series with the 
input to limit input current to < 5mA since the C-B junction of 
the input transistor would be forward biased. 


Unused Inputs 


Inputs of unused comparator sections should be tied to a 
differential voltage source to prevent output “chatter” 


DESIGN 
TEMP TYPICAL LIMIT UNITS 
ee m 


(VDIFF > VC). All unused inverting inputs may be tied to +5V 
and non-inverting inputs tied to ground. 


Crosstalk 


Simultaneous high frequency operation of all other channels 
in the package will not affect the output logic state of a given 
channel, provided that its differential input voltage is sufficient 
to define a given logic state (AVjn > +Vjo). Low level or high 
impedance input lines should be shielded from other signal 
sources to reduce crosstalk and interference. 


Power Supply Decoupling 


Decouple all power supply lines with 0.01 uF ceramic 
Capacitors to a ground line located near the package to 
reduce coupling between channels or from external sources. 


Response Time 


Fast rise time (< 200ns) input pulses of several volts 
amplitude may result in delay times somewhat longer than 
those illustrated for 100mV steps. Operating speed is 
optimized by limiting the maximum differential input voltage 
applied, with resistor-diode clamping networks. 
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|) HARRIS 


Monolithic, Wideband, High Slew Rate, 
High Output Current Buffer 


January 1989 


Features 


e This Circuit is Processed in Accordance to Mil-Std- 
883 and is Fully Conformant Under the Provisions of 
Paragraph 1.2.1. 


e Voltage Gain (RL = 1kQ)) .....----- eee eees 0.99 (Min) 
0.995 (Typ) 

(RL = 1002) ......-- eee eee ees 0.96 (Min) 

0.971 (Typ) 

e High Input Impedance .........----+++-- 1.5MQ(Min) 
3MQ(Typ) 

e Low Output Impedance.........---++-+++: 102 (Max) 
32(Typ) 

e Very High Slew Rate ........----2eeeeees 1V/ns (Min) 
1.3V/ns (Typ) 

e Wide Small Signal Bandwidth ......... 110MHz (Typ) 
e High Output Current........----+-ee5s- 100mA (Min) 
e High Pulsed Output Current ........-- 400mA (Max) 


e Monolithic Dielectric Isolation Construction 


e Replaces Hybrid LHOOO2 


Applications 
e Line Driver e High Power Current Source 
e Data Acquistion 


e 110 MHz Buffer 


e Sample and Holds 


e Radar Cable Driver 
e High Power Current 


e Video Products 
Booster 


Pinouts 


HA7-5002/883 (CERAMIC MINI-DIP) 
TOP VIEW 


| 8 | OUT 
Vot 
|6 | NC 
|5| v1- 


Za 


HA4-5002/883 (CERAMIC LCC) 
TOP VIEW 


HA-5002/883 


Description 


The HA-5002/883 is a monolithic, wideband, high slew 
rate, high output current, buffer amplifier. 


Utilizing the advantages of the Harris Dielectric Isolation 
technologies, the HA-5002/883 current buffer offers 
1300V/usec slew rate typically and 1000V/uS minimum 
with 110 MHz of bandwidth. The +100mA minimum output 
current capability is enhanced by a 3 output impedance. 


The monolithic HA-5002/883 will replace the hybrid 
LHOOO2 with corresponding performance increases. These 
characteristics range from the 3MQ (typ) input impedance 
to the increased output voltage swing. Monolithic design 
technologies have allowed a more precise buffer to be 
developed with more than an order of magnitude smaller 
gain error. The voltage gain is 0.99 guaranteed minimum 
with a 1kQ load and 0.96 minimum with a 1000 load. 


The HA-5002/883 will provide many present hybrid users 
with a higher degree of reliability and at the same time 
increase overall circuit performance. 


The HA-5002/883 is available in 8-pin Ceramic Mini-DIP, 
8-pin Metal Can, and 20-pin Ceramic LCC packages. The 
HA-5002/883 is specified over the full -559C to +125°9C 
military temperature range. 


HA2-5002/883 (METAL CAN) 
TOP VIEW 
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Specifications HA-5002/883 


Absolute Maximum Ratings 


Voltage Between V+ and V- Terminals...............0..0.-. 44V 
RIDUIVONAGD  . C5 haeny . dened rb Equal to Supplies 
Peak Output Current (50ms On, 1s CON sake euiatrre ce +400mA 
Continuous Output Current ....................... 200mARMS 
<UUNCRCMT OMIM ee aes +175°9C 
Storage Temperature Range ................. -65°C to +150°C 
RO UNG aie c ee secoev sis slesan conc. cn ccdae ee <2000V 
Lead Temperature (Soldering 10 sec).................... 275°C 


CAUTION: Absolute maximum ratings are limiting values, applied 
individually beyond which the serviceability of the circuit may be impaired. 
Functional operability under any of these conditions is not necessarily 
implied. 


Recommended Operating Conditions 


Operating Temperature Range ............... -55°C to +1259C 
Operating Supply Voltage. . .. 0... oe <onncccecce sc, +12V to +15V 


Thermal Information 


Thermal Resistance Sia Bic 
Ceramic DIP Package ................. 82°C/W 26°C/w 
Ceramic LCC Package ................ 749C/W 20°C/W 
Metal Can Package 6.66.36. «oc wae oaks 1019C/W 30°C/w 

Package Power Dissipation Limit at +75°C for TJ < 175°C 


pment DIP PACkSOG..i 2. onl. sve 0.82W 

Catamic LCC Package ... 22.06... cceseccescscetntite 1.36W 

RN OBO ra an ihe aa ee ee 1W 
Package Power Dissipation Derating Factor Above +75°C 

Serenic DIP Package....i 2. esis cece ee 8.2mW/°C 

Ceramic LCC Package .... 05... cc0ce ccc 13.6mW/9C 

MBE EOR FOCKAGO .. 55s ss oss fdticbb ccc <fpcuts ek 10mW/°C 
RL > 1002 


TABLE 1. D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 


Device Tested at: Supply Voltage = +12V and +15V, RSOURCE = 502, CLoap < 10pF, VIN = OV, Unless Otherwise Specified. 


D.C. PARAMETERS 
Input Offset Voltage 


Input Bias Current Vsup = +15V 


Rs = 1k9 


Voltage Gain 1 Vsup = +12V 
Riu = 1kQ 


VIN = 10V 


Vsup = £12V 
Ru =1kQ 
VIN =-10V 


Voltage Gain 2 Vsup = +12V 
Ri = 1009 


VIN = 10V 


-Ay2 Vsup = +12V 
RL = 1002 
VIN =-10V 


Voltage Gain 3 +Ay3 Vsup = +15V 
R_ = 1002 
VIN = 10V 
-Ay3 Vsup = +15V 
Ry = 1000 
VIN = -10V 
Voltage Gain 4 Vsup = +15V 


Rt = 1kN 
VIN = 10V 


Vsup = +15V 
Rt =1kN 
VIN =-10V 


SYMBOL CONDITIONS 
Vio1 Vsup = +12V 
Vioz | Vsup=+15V 


Vsup = +12V 
Rs = 1k 


C 
= 
+ 
7) 


GROUP A 


SUBGROUP | TEMPERATURE 


+25°9C 
+125°C, -55°C 
+250C 
+125°C, -55°C 
+250C 
+1259C, -55°9C 
+25°9C 
+1259C, -55°C 
+259C 


=10 


A 
< 


biel 


' 


-10 


+1259C, -55°C 
+25°9C 


ie 


+1259C, -55°0C 
+259C 


0.99 


+25°9C 


e 


+259C 


+25°9C 


| 5 


BEBE 


+25°9C 


+1259C, -55°9C 
+25°C 


$ 


+125°C, -55°9C 


CAUTION: This device is sensitive to electrostatic discharge. Proper |.C. handling procedures should be followed. 
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Specifications HA-5002/883 


TABLE 1. D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 
Device Tested at: Supply Voltage = +12V and +15V, RSQURCE = 502, CLOAD < 10pF, Vout = OV, Unless Otherwise Specified. 


LIMITS 


GROUP A 


TEMPERATURE 


— 
oO 


D.C. PARAMETERS SYMBOL CONDITIONS SUBGROUP 


Ri = 100 

Ry = 100 

VIN = -15V 2,3 +1259C, -55°C pie. 4 -10 V 

Ri = 1kQ 

RL = 1k 

VIN = -15V 2,3 +1259C, -55°C -10 


Vsup = £12V +25°C 
Ry = 1kQ 


VIN = 12V 


by 
ra) 


De eed 


+1259C, -55°C 


Vsup = £12V 1 +25°C 


Ru = 1k 


~VOUT3 
VIN = -12V 
+louT1 | Vsup = +15V 
Vout = 10V 
-lout1 | Vsup =+15V 
VouT = -10V 
+louT2 
-louT2 


+PSRR4 


-PSRR4 
+PSRR2 
-PSRR2 


+125°C, -55°9C 


4+259C 100 ean m 


+25°C 


ee ed ee 
A 


Output Current 


100 = mA 


Power Supply 
Rejection Ratio 


AVsup = +5V 
+V = 20V, -V =-15V 
+V = 10V, -V = -15V 


E S 


2,3 +1259C, -55°C 


+259C 


AVsup = £5V 
+V = 15V, -V =-20V 
+V = 15V, -V =-10V 


2,3 +1259C, -55°C 


AVsup = +5V +25°9C 
+V = 17V,-V =-12V 


+V =7V,-V =-12V 


ao. 
ioe] 


2,3 +1259C, -55°9C 


+1259C, -55°9C 


Qa 
ios] 


AVsup = £5V 
+V = 12V,-V=-17V 
+V = 12V,-V=-7V 


| 
a 
“9 


3 
Power Supply Current +ICC4 Vsup = +12V 
ae si ial Ee ibe eee 
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HA-5002/883 


TABLE 2. A.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 
Table 2 Intentionally Left Blank. See Table 3 for A.C. Specifications. 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 
Device Characterized at: Supply Voltage = +15V or +12V, RLOAD = 1k, CLoap = 10pF, Unless Otherwise Specified. 


|} LIMITS 
SYMBOL CONDITIONS NOTES TEMPERATURE 


vars | tne 
Cs 


+SR4 Vsup = +15V +25°9C 
VouT = -10V to +10V 
Vsup = £15V +25°C 
VOUT = +10V to -10V 
+SRo Vsup = +12V +25°C 1 
VouT = -10V to +10V 
Vsup = £12V +25°C 
VouT = +10V to -10V 


[| rao as 


Fall Time Tr Vsyp = +15V 
Quiescent Power -559C to +125°C 
Consumption VouT = OV, lout = OmA 

VouT = OV, lout = OmA 
Output Resistance Rout Vsup = +15V +25°C 
Rout2 | Vsup=+12V 


NOTES: 1. Parameters listed in Table 3 are controlled via design or process parameters and are not directly tested at final production. These parameters are 
lab characterized upon initial design release, or upon design changes. These parameters are guaranteed by characterization based upon data 
from multiple production runs which reflect lot to lot and within lot variation. 


2. Measured between 10% and 90%. 


PARAMETERS UNITS 


Input Resistance 


Slew Rate V/ns 


V/ns 


V/ns 


V/ns 


Vsup = +15V 
VIN = 0 to +500mV 


3. Quiescent Power Consumption based upon Quiescent Supply Current test maximum. (No load on outputs.) 


TABLE 4. ELECTRICAL TEST REQUIREMENTS 


MIL-STD-883 TEST REQUIREMENTS SUBGROUPS (SEE TABLES 1 & 2) 
Interim Electrical Parameters (Pre Burn-in) aaa ce a 


ae a 
San ea eke wanes 


Groups C & D Endpoints 


* PDA applies to Subgroup 1 only. 
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HA-5002/883 


Test Circuit (Applies to Table 1) a 
V3 0 > 
BUFFER 
E 
BUFFER 
ALL RESISTORS = + 1% (QQ) 
$. 470F ALL CAPACITORS = + 10% (HF) 
For Detailed Information, Refer to HA-5002/883 Test Tech Brief 
Test Waveforms SIMPLIFIED TEST CIRCUIT (Applies to Table 3) 
+ 15V 
V4 + Vot 
50 
IN OUT e 
R pao 
S Ry as 
Vir Save Za 
- 15V a5 
“6 
SMALL SIGNAL WAVEFORMS Oo 


Vin | VIN 


VouT VouT 


Rg = 509, RL= 1002 Rg = 509, Ry = 1k. 


LARGE SIGNAL WAVEFORMS LARGE SIGNAL WAVEFORMS 


VIN 


Vout = 


Rg = 502, RL = 1009 Rg = 509, RL = 1kN 
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HA-5002/883 


Burn-In Circuits 


HA7-5002/883 CERAMIC MINI-DIP 


HA4-5002/883 CERAMIC LCC 
+ 15V 


NOTES: 

Ry = 1k, +5%, 1/4W (Min) 
Cy = Cp = 0.01F/Socket (Min) or 0.1pF/Row (Min) 
D1 = Dp = IN4002 or Equivalent/Board 

| (V+) - (V-) |= 30v 
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HA-5002/883 


Schematic Diagram 
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HA-5002/883 


Die Characteristics 


DIE DIMENSIONS: GLASSIVATION: 

81 x 80 x 19 mils Type: Nitride 

(2050 x 2030 x 483 um) Thickness: 7kA + 0.7kA 
METALLIZATION: TRANSISTOR COUNT: 27 


Type: Aluminum 
Thickness: 20kA + 2kA 
WORST CASE CURRENT DENSITY: Material: Gold/Silicon Eutectic Alloy 
0.7 X 10°A/cm2 @ 3.6mA Temperature: Ceramic DIP — 460°C (Max) 
SUBSTRATE POTENTIAL (Powered Up): V- Ceramic LCC — 420°C (Max) 
Metal Can — 420°C (Max) 


PROCESS: HFSB Bipolar Dielectric Isolation 
DIE ATTACH: 


Metallization Mask Layout 
HA-5002/883 


(ALT) 


HA-5002 
R332341 


NOTE: Labeled Pad Numbers Correspond to Ceramic Mini-DIP Package Only. 
Vi+ and V4- Have Two Possible Connections. Use V4+ (Alt) and 
V1—- (Alt) for the Metal Can Package. 
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HA-5002/883 


Packaging t 


8 PIN CERAMIC DIP 


375 
ae "395 = 140 =~ LEAD MATERIAL: Type B 
pee io LEAD FINISH: Type A 
.005 MIN 160 ; 
tes => ae eo ee PACKAGE MATERIAL: Ceramic, 90% Alumina 
air a PACKAGE SEAL: 
: ai Material: Glass Frit 


.290 Temperature: 450°C + 10°C 


.310 Method: Furnace Seal 
0° ‘ 
ae ~~ 008" & INTERNAL LEAD WIRE: 
on “O15. Material: Aluminum 
sas Diameter: 1.25 Mil 
— « INCREASE MAX LIMIT BY .003 INCHES Bonding Method: Ultrasonic 
aa. MEASURED AT CENTER OF FLAT FOR COMPLIANT OUTLINE: 38510 D-4 


-065 SOLDER FINISH 


20 PAD CERAMIC LCC 


PAD MATERIAL: Type C 
PAD FINISH: Type A 
FINISH DIMENSION: Type A 
PACKAGE MATERIAL: Ceramic, 90% Alo03 
PACKAGE SEAL: 
Material: Gold/Tin (80/20) 
Temperature: 320°C + 10°C 
Method: Furnace Braze 
INTERNAL LEAD WIRE: 
Material: Aluminum 
Diameter: 1.25 Mil 
Bonding Method: Ultrasonic 
COMPLIANT OUTLINE: 38510 C-2 


OP AMPs & 
COMPARATORS 


8 PIN TO-99 METAL CAN 


LEAD MATERIAL: Type A 
LEAD FINISH: Type C 
Pe PACKAGE MATERIAL: Kovar Header with 
Nickel Can 


PACKAGE SEAL: 

Material: No Seal Material 

Temperature: Room Temperature 

Method: Resistance Weld 
INTERNAL LEAD WIRE: 

Material: Aluminum 

Diameter: 1.25 Mil 

Bonding Method: Ultrasonic Bonded 
COMPLIANT OUTLINE: 38510 A-1 


335 321 
370 .325 


*Dimension Maximum Limits Are Increased by 0.003 inches for Solder Dip Finish 


, Dimensions are in inches. t Mil-M-38510 Compliant Materials, Finishes, and Dimensions. 
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w HARRIS HA-5002 


DESIGN INFORMATION Monolithic, Wideband, High Slew Rate, 
High Output Current Buffer 


The information contained in this section has been developed through characterization by Harris Semiconductor and is for 
use as application and design aid only. These characteristics are not 100% tested and no product guarantee is implied. 


Typical Performance Curves uniess Otherwise Specified: Ta = +25°C, VSUPPLY = +15V 


GAIN/PHASE vs. FREQUENCY GAIN/PHASE vs. FREQUENCY 
Vcc = +15V, RL = 1K, Rg = 509 Voc = +15V, RL = 50, Rs = 500 


9 9 
ems eae 1 gee EEE eee | 
Zz a Zz a 
aes ER Os a EE gpl ee ee A 
O 9 5 0 4S 
ie ae i Ee cena eeescc, 2 
g z 3 rot ans: 
g Eee 5 2. (et ae 
: PPT Vico # 8 gf TTT Teese TO ATTTTTN 1, 3 
S -9 450 — S) -9 SO 450 < 
: — Ht fi Hii fg ee Tee 
W412 90° W -12 +} 20° 
: CESS ee es ME SA 
ee | LTE j oH Conn Cnr 
oe] ES AI an 100° 


1M 10M 100M 
cecicucd (Hz) FREQUENCY (Hz) 
VOLTAGE GAIN vs. TEMPERATURE VOLTAGE GAIN vs. TEMPERATURE 
Voc = +15V, RLOAD = 1002 Voc = +15V, RLOAD = 1KN 
0.994 0.998 
eRe AGRA os Sa HTT 
oO Ite Teer 0.997 
= ooee EET ease 
$ 0.986 mae tt z TOTES TT 
= Ba ELAR = 0.995 Ps 
uw 0.984 — a7 7G} 
pape SS eo Ce eee ee 
5 03 ie a eC REeELELEL ELLE 
© 0.978 we ae “i 0.993 A ie 
cee ee ieee ase S cop | Nout=, 0.70 -s0v [ALT | TT 
0 aaee von FLT TTT TTT ‘g 
-40 -20 20 40 60 80 100 120 0.991 # 


TEMPERATURE (°C) -60 -40 -20 20 40 60 80 100 120 
Miata oh. (°C) 


OFFSET VOLTAGE vs. TEMPERATURE BIAS CURRENT vs. TEMPERATURE 
Voc = +15V Voc = +15V 


BIAS CURRENT (A) 
_ OFFSET VOLTAGE (mv) 
=O 0 ONO ODO N= O-4N0 


ee ee Lom 


-40 -20 O 20 40 60 8&8 100 120 == : 
TEMPERATURE (°C) TEMPERATURE (°C) 
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SUPPLY CURRENT (mA) 


Vout MAX, VOLTS P-P @ 100KHz 


HA-5002 
DESIGN INFORMATION (continueg) 


The information contained in this section has been developed through characterization by Harris Semiconductor and is for 
use as application and design aid only. These characteristics are not 100% tested and no product guarantee is implied. 


Typical Performance Curves unless Otherwise Specified: Ta = +25°C, VguppLy = +15V 


MAXIMUM OUTPUT VOLTAGE vs. TEMPERATURE 
Voc = +15V, RLOAD = 1002 


nN 


ii TT nt 


-60 -40 -20 O 20 80 100 120 
TEMPERATU hee "y C) 


OUTPUT VOLTAGE (V) 
@ 


SUPPLY CURRENT vs. SUPPLY VOLTAGE 
louT = OmA 


ot 


SUPPLY VOLTAGE (+ V) 


Vout MAXIMUM vs. VsuPPLY 
RLOAD = 1002 


hee tee Ba 
Aaa N © O = DM © 


a er 
—NhD ® 


NO OO 


SUPPLY VOLTAGE (+ V) 
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PSRR (dB) 
8 8 & 8 


SUPPLY CURRENT vs. TEMPERATURE 
Voc = +15V, lout = OMA 


10 


0 20 40 60 80 100 120 
TEMPERATURE (°C) 


SUPPLY CURRENT (mA) 


INPUT/OUTPUT IMPEDANCE vs. FREQUENCY 
Voc = +15V 


se ST HHT 


pe, 

son iit 
tL AIT 
eae SRL 0 2 os HE 

OOK 100M 


IMPEDANCE (9) 


1M 10M 
FREQUENCY (Hz) 


PSSR vs. FREQUENCY 


10K eal 


eeEREY (Hz) 


8 
a 
= 
< 
a. 
fe) 
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HA-5002 


DESIGN INFORMATION (continueg) 


The information contained in this section has been developed through characterization by Harris Semiconductor and is for 
use as application and design aid only. These characteristics are not 100% tested and no product guarantee is implied. 


Typical Performance Curves unless Otherwise Specified: Ta = +25°C, VsyppLy = +15V 


OUTPUT VOLTAGE vs. FREQUENCY OUTPUT VOLTAGE vs. FREQUENCY 
Vs = +15V, Ta = +25°C Vs = +15V, Ta = +25°C 


ei api 
eae ELE eae it 
aS st cca eee ELLE 


HNN te ELTA 
ieee tee) Se!0 dt tema alee 
n= oo TT TTT 
BR Sl 


OUTPUT VOLTAGE ( Vp . p) 
S 
+43] 

OUTPUT VOLTAGE ( Vp _ p) 
N 
oO 


N 7 
Pmt Geeta ec" ade a 
f HHS 

fy eee eI i 
1M 


10M 
FREQUENCY (Hz) 


10M 
FREQUENCY (Hz) 


SLEW RATE vs. SUPPLY VOLTAGE GAIN ERROR vs. INPUT VOLTAGE 


SLEW RATE (V/us) 
Vout > Vin (mV) 


12 
Vcc (+ VOLTS) 


INPUT VOLTAGE (VOLTS) 


Typical Applications 
MEASURED WAVEFORM FOR COAXIAL DRIVER WITH 
COAXIAL CABLE DRIVER - 502 SYSTEM Vout = 1V PULSE 
+12V ee Sey ae 
Vi+ Vo+ a¥ 


t 
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DESIGN INFORMATION (continueg) 


The information contained in this section has been developed through characterization by Harris Semiconductor and is for 
use as application and design aid only. These characteristics are not 100% tested and no product guarantee is implied. 


TYPICAL PERFORMANCE CHARACTERISTICS 
Device Characterized at: Supply Voltage = +12 to +15V, Rg = 509, Ry = 1kM, CL < 10pF, Unless Otherwise Specified. 


renea | St | vers 
Ca 
Bias Current kl Table 1 
a 
a 

Footie a 


5 


pp 


Table 3 M 


~ 


Vv, 


2 


z| <| = 


VV 


-3dB Bandwidth 


A.C. Current Gain 


Output Voltage Swing 


Table 1 


Table 1 


Table 1 


Table 3 


Harmonic Distortion VIN = 1VRMS fo = 10kHz 
ae [ 
a 
a 
eee 
cee 


Table 3 V/ns 


Table 1 


Power Supply Rejection Ratio AVSUPPLY = 10V 


Minimum Supply Voltage Functional Operation Only. +25°C +4V 
Other Parameters Will Vary. 


Table 1 


3 


H 
an 
< 
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DESIGN INFORMATION (continueg) 


The information contained in this section has been developed through characterization by Harris Semiconductor and is for 
use as application and design aid only. These characteristics are not 100% tested and no product guarantee is implied. 


Operating Instructions 
Layout Considerations 


The wide bandwidth of the HA-5002 necessitates that high 
frequency circuit layout procedures be followed. Failure 
to follow these guidelines can result in marginal 
performance. 


Probably the most crucial of the RF/video layout rules is the 
use of a ground plane. A ground plane provides isolation 
and minimizes distributed circuit capacitance and 
inductance which will degrade high frequency 
performance. 


Other considerations are proper power supply bypassing 
and keeping the input and output connections as short as 
possible which minimizes distributed capacitance and 
reduces board space. 


Power Supply Decoupling 


For optimal device performance it is recommended that the 
positive and negative power supplies be bypassed with 
capacitors to ground. Ceramic capacitors ranging in value 
from 0.01 to 0.1 uF will minimize high frequency variations in 
supply voltage, while low frequency bypassing requires 
larger valued capacitors since the impedance of the 
capacitor is dependent on frequency. 


It is also recommended that the bypass capacitors be 
connected close to the HA-5002 (preferably directly to the 
supply pins). 


Heat Sinking 


Certain applications of the HA-5002/883 may require the 
use of a heat sink. High ambient temperatures, low 
impedance loads or high supply voltages may cause the 
internal power disssipation to force the junction 
temperature above the maximum rating of +175°C. Also, an 
indefinite short of the output to ground:-will cause excessive 
power dissipation. Manufacturers such as Thermalloy, 
AAVID, or IERC produce suitable heat sinks. 


Thermal resistance values are shown on the second page of 
this data sheet and because Gold-Eutectic Die Attach is 
required for HA-5002/883, lower theta value are shown 
over other temperature grades. 


Operation At Reduced Supply Levels 


The HA-S002 can operate at supply voltage levels as low as 
+5V and lower. Output swing is directly affected as well as 
slight reductions in slew rate and bandwidth. 


Short Circuit Protection 


The output current can be limited by using the following 
circuit: 
Hilae a V+ : V- 
IOUTMAX 


IOUTMAX 


IOUTMAX = 200mA (Continuous) 


Capacitive Loading 


The HA-5002 will drive large capacitive loads without 
oscillation but peak current limits should not be exceeded. 
Following the formula | = C9V/g+ implies that the slew rate 
or the capacitive load must be controlled to keep peak 
current below the maximum or use the current limiting ap- 
proach as shown. The HA-5002 can become unstable with 
small capacitive loads (SOpF) if certain precautions are not 
taken. Stability is enhanced by any one of the following: a 
source resistance in series with the input of 5029 to 1K: 
increasing capacitive load to 150pF or greater; decreasing 
CLOAD to 20pF or less; adding an output resistor of 102 to 
S02; or adding feedback capacitance of 50pF or greater. 
Adding source resistance generally yields the best results. 
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Features 


e This Circuit is Processed in Accordance to Mil-Std- 
883 and is Fully Conformant Under the Provisions of 
Paragraph 1.2.1. 


e Differential Phase Error...........-- 0.1 Degree (Typ) 
e Differential Gain Error ..........0eeeeeee- 0.1% (Typ) 
e Voltage Gain (RL = 1k2Q) ......- eee ee en eees 0.94 (Min) 
0.99 (Typ) 

(RL = 10022)... .cneccccsenss 0.93 (Min) 

0.95 (Typ) 

@ High Slew Rate .......--e se eeeeeeceneene 1V/ns (Min) 
1.3V/ns (Typ) 

e Wide Small Signal Bandwidth ......... 250MHz (Typ) 
e Fast Rise Time .........cccevccccncccceces 6ns (Max) 
3ns (Typ) 

e High Output Drive .............. +8V into 1002 (Min) 


e Wide Power Bandwidth......... D.C. to 65MHz (Typ) 
e Wide Power Supply Range............- +5V to +16V 


e Replace Costly Hybrids 


Applications 
e Video Buffer 


e Current Boosters 


e High Speed A/D Input 
Buffers 


e High Frequency Buffer 


e Isolation Buffer 
e For Further Application 
e High Speed Line Driver Ideas, See ee Note 548 


e Impedance Matching 


Pinout 


HA-5033/883 


Video Buffer 


Description 


The HA-5033/883 is a unity gain monolithic I.C. designed 
for any application requiring a fast, wideband buffer. 
Featuring a bandwidth of 250MHz and outstanding 
differential phase/gain characteristics, this high 
performance voltage follower is an excellent choice for 
video circuit design. Other features, which include a 
minimum slew rate of 1000V/yus and high output drive 
capability, make the HA-5033/883 applicable for line driver 
and high speed data conversion circuits. 


The high performance of this product is a result of the Harris 
Dielectric Isolation process. A major feature of this process 
is that it produces both PNP and NPN high frequency tran- 
sistors which makes wide bandwidth designs, such as the 
HA-5033/883, practical. 


The HA-5033/883 is available in a 12 pin (TO-8) Metal Can 
and is specified over the full -55°C to +125°C military 
temperature range. 


HA2-5033/883 (METAL CAN) 
TOP VIEW 
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Specifications HA-5033/883 


Absolute Maximum Ratings Thermal Information 

Voltage Between V+ and V- Terminals.............cccceeeee 40V___ Thermal Resistance Sia Bic 
WIGUE VON AG sewer cic has ewes die Caw ac oeb one Equal to Supplies Metal Can Package ...............ce00. 82°C/W 32°9C/w 
Peak Output Current (50ms On, 1s Off).............05 +200mA_ Package Power Dissipation Limit at +75°C for Ty < 175°C 
JUNCHOR Tegineratinve (Tj) 26... ck ccc ccnccecccccuce +175°C Weta CAN POCKOGS ois. ee ck sis ica vets elses DRO 1.2W 
Storage Temperature Range ................. -65°C to+150°C Package Power Dissipation Derating Factor Above +75°C 

BSE aut nec t ce st tees ett font tee oon tee < 2000V MEUM OMU PHCKMUM';... css cle crcnecr core oe 12.1mMW/9C 
Lead Temperature (Soldering 10 sec)...........ccceeeees 275°C 


CAUTION: Absolute maximum ratings are limiting values, applied individually beyond which the serviceability of the circuit may be impaired. Functional 
operability under any of these conditions is not necessarily implied. 


Recommended Operating Conditions 


Operating Temperature Range ............08. -55°C to+1259°C ~=Ry > 1009 
Operating Supply Voltage .......... cc cece cece eee +12V to +15V 


TABLE 1. D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 
Device Tested at: Supply Voltage = +12V and +15V, RSOURCE = 502, VouT = OV, Unless Otherwise Specified. 


LIMITS 
D.C. PARAMETERS | SYMBOL 
Input Offset Voltage 


Input Bias Current 
+1259C, -55°9C 


aside al” a 
Voltage Gain 2 +Ayo Vsup = +12V 
Ri = 1k, Vin = 10V 
-Ay2 Vsup = +12V +25°C 
Ri = 1kQ, Vin = -10V 
Output Voltage +VouT1 | Vsup =+12V 
Swing 


UNITS 


Vsup = £12V 
VIN =OV 


[2s [ese 3566 
SCOURGE BEE 


Vsup = +12V 
Rs = 1k9 


Vsup = +12V 
Ri = 1002, Vin = +2V 


Vsup = +12V 
Ri = 100Q, Vin =-2V 


4 
hr 
oO 
Oo 
@) 
< <i|< 


Ri = 100, Vin = +12V 


Vsup = +12V 
Ri = 1002, Vin = -12V 


a 
on 
fe) 
O 
| 
i) 
a 
° 
?) 


Vsup = +15V 
Ri = 1k, Vin = +15V 


Vsup = +15V 
Ri = 1k, Vin =-15V 


AVsup = +5V 
+V = 17V,-V =-12V 
+V=7V,-V=-12V 


Output Current 


m 


Power Supply 
Rejection Ratio 


: 
Lye) 
oi 
i 
>| > 


AVsup = +5V 
+V = 12V,-V =-17V 
+V = 12V,-V=-7V 


+1259C, -55°C 


oS 


Power Supply 
Current 


Vsup = +12V 
Vout = OV 


+1259C, -559C 


+125°9C, -559C 


3 
> 


Vsup = +12V 
VouT = OV 


3 
> 


CAUTION: This device is sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
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TABLE 2. A.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 
Table 2 Intentionally Left Blank, see Table 3 for A.C. Specifications. 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 
Device Characterized at: Supply Voltage = +12V or +15V, RLOAD = 1k, CLoap < 10pF, Unless Otherwise Specified. 


| LIMITS | 
PARAMETERS SYMBOL CONDITIONS NOTES | TEMPERATURE | MIN. | MAX | UNITS 
Input Resistance Vsup = +15V +250C 
VIN = 12V, RL = 1000 
Slew Rate Vsup = +15V +25°9C V/ns 
Vout = -10V to +10V 


Vsup = +15V +25°C V/ns 
VouT = +10V to -10V 
Rise Time | | Yes +12V +25°9C 
Py N = OV to +500mV 
Fall Time } ieee +12V +25°9C 
| io OV to -500mV 


Full Power Bandwidth FPBW Vsup = +15V +25°C 15.9 
Vout = +10V 
Ru = 1k 
Quiescent Power Vsup = +15V -55°C to +1259C 
Consumption Vout = OV, lout = OmA 
Vsup = +12V -559C to +1259C 600 
Vout = OV, lout = OMA 


| -55°C to +1250C cs a 


NOTES: 1. Parameters listed in Table 3 are controlled via design or process parameters and are not directly tested at final production. These parameters are 
lab characterized upon initial design release, or upon design changes. These parameters are guaranteed by characterization based upon data 
from multiple production runs which reflect lot to lot and within lot variation. 


2. Measured between 10% and 90%. 


3. Quiescent Power Consumption based upon Quiescent Supply Current test maximum. (No load on outputs.) 


Output Resistance 


TABLE 4. ELECTRICAL TEST REQUIREMENTS 


MIL-STD-883 TEST REQUIREMENTS SUBGROUPS (SEE TABLES 1 & 2) 
Interim Electrical Parameters (Pre Burn-in) 
Final Electrical Test Parameters 4°: 258 


Group A Test Requirements 1,2,3 
Groups C &D Endpoints 


* PDA applies to Subgroup 1 only. 
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Test Circuit (Applies to Table 1) ce 
1 
V3 ¢ > 
47pF 
BUFFER 
OE 
ALL RESISTORS = + 1% (Q) 
- 47pF ALL CAPACITORS = + 10% (yF) 
For Detailed Information, Refer to HA-5033/883 Test Tech Brief 
Test Waveforms SIMPLIFIED TEST CIRCUIT ‘(Applies to Table 3) 
OUT 
TRANSIENT RESPONSE 
MEASURED +0.5V PULSE RESPONSE 
Ta = +259C, Rg = 500, Ry = 1002 
RISE TIME VIN = VouT (Scale) = 200mV/Div.; Time Scale = 10ns/Div. 
500mV Na aan AP ‘~ siiiiias - ——— 
INPUT 
ov 
VIN: 
Bleed nies LN er | 

90% — — = eames : $ 

output /| 

sof ov ; 

| i 

i a t 

I | Vout} : 

NOTE: Measured on both positive and negative transitions. OV sam t 

\ 4 


LARGE SIGNAL RESPONSE 


MEASURED +10V PULSE RESPONSE MEASURED +10V RESPONSE 
TA = +25°C, Rg = 500, Ri = 1009 Ta = +259C, Rs = 50, Ru = 1kN 
VIN = VoutT (Scaie) = 5V/Div.; Time Scale = 10ns/Div. VIN = Vout (Scale) = 5V/Div.; Time Scale = 10ns/Div. 


VINE 


OV 
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Burn-In Circuit 


HA2-5033/883 (TO-8) METAL CAN 


NOTES: 

Ry = 1kN, +5%, 1/4W (Min) 

Cz = 0.01pF/Socket (Min) or 0.1 )F/Row (Min) 
D, = Dp = IN4002 or Equivalent/Board 

| (V+) - (V-) |= 30V 


OP AMPs & 
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Schematic Diagram 
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Die Characteristics 


DIE DIMENSIONS: GLASSIVATION: 

66.9 x 51.2 x 19 mils Type: Nitride 

(1700 x 1300 x 483 pm) Thickness: 7kA + 0.7kA 
METALLIZATION: TRANSISTOR COUNT: 20 


Type: Aluminum 
Thickness: 20kA + 2kA 


WORST CASE CURRENT DENSITY: 
0.79 X 10°A/cm2 @ 25mA 


SUBSTRATE POTENTIAL (Powered Up): V- 


PROCESS: HFSB Bipolar Dielectric Isolation 


DIE ATTACH: 
Material: Gold/Silicon Eutectic Alloy 
Temperature: Metal Can — 420°C (Max) 


Metallization Mask Layout 
HA-5033/883 


OO WE? Fooe wuss 


NOTE Pin Numbers Correspond to (TO-8) Metal Can Package Only. 
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Packaging t 
12 PIN (TO-8) METAL CAN 


150 550 100 027 LEAD MATERIAL: Type A 

BSC 045 LEAD FINISH: Type C 

PACKAGE MATERIAL: Kovar Header with 
Nickel Can 


PACKAGE SEAL: 
Material: No Seal Material 
Temperature: Room Temperature 
Method: Resistance Weld 


585 545 INTERNAL LEAD WIRE: 
615 .555 Material: Aluminum 
Diameter: 1.25 Mil 
Bonding Method: Ultrasonic Bonded 
COMPLIANT OUTLINE: None 
JEDEC OUTLINE: AB 
BSC 
fe 
BO 
Fy k& 
a8 
as 
99 
O 
NOTE: All Dimensions are War , Dimensions are in inches. t Mil-M-38510 Compliant Materials, Finishes, and Dimensions. 
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DESIGN INFORMATION 
Video Buffer 


The information contained in this section has been developed through characterization by Harris Semiconductor and is for 
use as application and design aid only. These characteristics are not 100% tested and no product guarantee is implied. 


Typical Performance Curves Unless Otherwise Specified: Ta = +25°C, Vsyppty = +15V 


INPUT OFFSET VOLTAGE vs. INPUT BIAS CURRENT vs. 
TEMPERATURE vs. SUPPLY VOLTAGE TEMPERATURE vs. SUPPLY VOLTAGE 


: V+=+15V 
: V+=+412V 
: V+=+10V 
: V+=+15V V-=-15V : V+=+5V 

: V+=412V V-=-12V 
: V+= +10V V-=-10V 
: V+=+5V V-=-5V 


OFFSET VOLTAGE (mV) 
INPUT BIAS CURRENT (A) 


+25 +75 
TEMPERATURE (°C) 
+80 


TEMPERATURE (°C) 


SUPPLY CURRENT vs. 
TEMPERATURE vs. SUPPLY VOLTAGE SLEW RATE vs. TEMPERATURE 


3000 
ty = +15V 
VIN = +10V 


: V+=+15V V-=-15V 
: V+=4+12V V-=-12V 
: V+=+10V V-=-10V 
: V+=+5V V-=-5V 


< 
£ 
ail 
= 
kU 
c 
x 
2 
o 
> 
~ 
a 
Q 
> 
” 


- RISE (RL = 10022) 


SLEW RATE (V/ys) 


+75 
TEMPERATURE (°C) 


75 
TEMPERATURE (°C) 


SLEW RATE vs. LOAD CAPACITANCE (Ry, = 1k2) SLEW RATE vs. LOAD CAPACITANCE (Rx, = 1002) 


aE MOR aris Ss 
RL = 1KQ 
Ta = +250C 
Vin = £10V 


SLEW RATE (V/us) 


SLEW RATE (V/s) 


CAPACITANCE (pF) 


CAPACITANCE (pF) 
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DESIGN INFORMATION (continueg) 


The information contained in this section has been developed through characterization by Harris Semiconductor and is for 
use as application and design aid only. These characteristics are not 100% tested and no product guarantee is implied. 


Typical Performance Curves unless Otherwise Specified: Ta = +25°C, Vsyppy = +15V 


GAIN ERROR vs. INPUT VOLTAGE GAIN ERROR vs. INPUT VOTAGE 


OUTPUT-INPUT Vos (mV) 
OUTPUT/INPUT Vos (mV) 
‘ ! ! 


-10 -8 6 4 -2 0 +2 +4 +6 #+8 «+10 
INPUT VOLTAGE (VOLTS) 


ae oo aa ee ee 8 10 bes 

INPUT VOLTAGE sata ° Oo 

GAIN ERROR vs. TEMPERATURE Vin - Vout vs: lout s c 
a B 

[5 

oO 


Vin - Vout(mv) 


OUTPUT INPUT Vos (mV) 


0 20 30 40 50 60 70 80 90 100 
-55 -25 +25 +75 +125 louT (mA) 
TEMPERATURE (°C) 


Y - PARAMETERS PHASE vs. FREQUENCY Y - PARAMETER MAGNITUDE FREQUENCY 


: freee Il 
AE a 


1 SS Sls SSS al eels 


een ean Alli rY¥2a-¥a2 tit TTT 
ean Oe oot Ct 
RTI CONST Ne 
9 ~~ > aie es 
3 ci Ce alll 2 SC Frit ‘ 
3 Cm A a 2 eaiiilimii aun 
2 nee = Settitemet deena 
» Ree ail Hs er auilll 2 ER ae 
ee + ‘satel TNO 3 
ore: PATTING ee eT YA 
-135 g eeitior. Seeeit ame eemeeiiis 
Con Con TE alllli : 
1805 By Coon 
ai say anim 
ab 106 107 109 


Wh coon 


* Siemens = 0-1 


3-207 


HA-5033 


DESIGN INFORMATION (continueg) 


The information contained in this section has been developed through characterization by Harris Semiconductor and is for 
use as application and design aid only. These characteristics are not 100% tested and no product guarantee is implied. 


Typical Performance Curves unless Otherwise Specified: Ta = +25°C, VguppLy = +15V 


POWER SUPPLY REJECTION RATIO vs. FREQUENCY TOTAL HARMONIC DISTORTION vs. FREQUENCY 
10 


+V=+12V 
Ta = +250C 


TOTAL HARMONIC DISTORTION (%) 
& 


POWER SUPPLY REJECTION RATIO (db) 


FREQUENCY (Hz) 


FREQUENCY (Hz) 


OUTPUT SWING vs. FREQUENCY TOTAL HARMONIC DISTORTION vs. RMS INPUT VOLTAGE 


1.0 


NO HEAT SINK 
IN FREE AIR 


OUTPUT VOLTAGE (Vrms) 


tv = +12V 
Ri = 1002 


TOTAL HARMONIC DISTORTION (%) 


FREQUENCY (Hz) 


INPUT VOLTAGE (RMS) 


OUTPUT VOLTAGE SWING vs. LOAD RESISTANCE vs. 
OUTPUT SWING vs. FREQUENCY * SUPPLY VOLTAGE 


N 
fo] 


NO HEAT SINK 
IN FREE AIR 


OUTPUT VOLTAGE (Vas) 
= 


: +V=+15V -V=-15V 
4 > *V=+12V -V=-12V 
: +V=+10V -V=-10V 
: +V=+5V -V=-5V 


PEAK TO PEAK OUTPUT VOLTAGE (VOLTS) 
a 
a 


FREQUENCY (Hz) 


0 100 200 300 400 500 600 700 800 900 1K 
LOAD RESISTANCE (OHMS) 


* This curve was obtained by noting the output voltage necessary to produce an observable distortion for a given frequency. If higher distortion is acceptable, 
then a higher output voltage for a given frequency can be obtained. 
However, operating the HA-5033 with increased distortion (to the right of curve shown), will also be accompanied by an increase in supply current. The 
resulting increase in chip temperature must be considered and heat sinking will be necessary to prevent thermal runaway. This characteristic is the result 
of the output transistor operation. If the signal amplitude or signal frequency or both are increased beyond the curve shown, the NPN, PNP output transistors 
will approach a condition of being simultaneously on. Under this condition, thermal runaway can occur. 
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DESIGN INFORMATION (continue) 


The information contained in this section has been developed through characterization by Harris Semiconductor and is for 
use as application and design aid only. These characteristics are not 100% tested and no product guarantee is implied. 


Typical Performance Curves unless Otherwise Specified: Ta = +25°C, Vgyppiy = +15V 


MAXIMUM POWER DISSIPATION vs. AMBIENT TEMPERATURE 


POWER DISSIPATION (W) 


REGE ORE CRUERE 
LTT gett TT | 


AMBIENT TEMPERATURE (°C) 


HA-5033 SOA, TO-8, NO SINK 
Ty = +175°C, Iocg = 25mA, Voc = £15, 8jg = 84°C/W 


MAX. Igut, AMPS 


4 6 
Vout. VOLTS 


Operating Instructions 
Layout Considerations 


The wide bandwidth of the HA-5033 necessitates that high 
frequency circuit layout procedures be followed. Failure to 
follow these guidelines can result in marginal performance. 


Probably the most crucial of the RF/video layout rules is the 
use of a ground plane. A ground plane provides isolation 
and minimizes distributed circuit capacitance and induct- 
ance which will degrade high frequency performance. This 
ground plane shielding can also incorporate the metal case 
of the HA-5033 since pin #2 is internally tied to the pack- 
age. This feature allows the user to make metal to metal 
contact between the ground plane and the package, which 
extends shielding, provides additional heat sinking and 
eliminates the use of a socket. IC sockets contribute inter- 
lead capacitance which limits device bandwidth and should 
be avoided. 


HA-5033, TO-8, AAVID 5792 04 = 25°C/W 
Ty = +175°C, icc = 25mA, Voc = +15, Big = 33°C/W 


SEP PG ST LS a Se es 
Tas 550° Sp ppt 


MAX. Igut, AMPS 


Vout, VOLTS 


Other considerations are proper power supply bypassing 
and keeping the input and output connections as short as 
possible which minimizes distributed capacitance and re- 
duces board space. 


Power Supply Decoupling 


For optimum device performance, it is recommended that 
the positive and negative power supplies be bypassed with 
capacitors to ground. Ceramic capacitors ranging in value 
from 0.01 to 0.1yF will minimize high frequency variations in 
supply voltage. Solid tantalum capacitors 1uF or larger will 
optimize low frequency performance. 


It is also recommended that the bypass capacitors be 
connected close to the HA-5033 (preferably directly to the 
supply pins). 
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DESIGN INFORMATION (continueg) 


The information contained in this section has been developed through characterization by Harris Semiconductor and is for 
use as application and design aid only. These characteristics are not 100% tested and no product guarantee is implied. 


Typical Applications (See Application Note 548) 


VIDEO COAXIAL LINE DRIVER - 50V SYSTEM 
+12V 


VIN 
POSITIVE PULSE RESPONSE NEGATIVE PULSE RESPONSE 
Ta = +259C, Rs = 502, Ry = Ry, = 50 Ta = +259C, Rs = 502, Ry = RL = 502 
VON | err = 2 Vin VO # Mine |. EIN 
les + =| RL + Ry 


VIN VIN 


VOUT 


VIDEO GAIN BLOCK 


VIDEO 


SIGNAL 
INPUT Ry VIDEO 
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DESIGN INFORMATION (continueg) 


The information contained in this section has been deveioped through characterization by Harris Semiconductor and is for 
use as application and design aid only. These characteristics are not 100% tested and no product guarantee is implied. 


TYPICAL PERFORMANCE CHARACTERISTICS 
Device Characterized at: Supply Voltage = +15V, Ru = 1k, Cy < 10pF, Unless Otherwise Specified. 


PARAMETERS CONDITIONS TEMPERATURE 


Versus Temperature 


DESIGN 
LIMIT UNITS 


TYPICAL 


Table 1 


3 
< 


+25°C to 125°C 2 


© 


pV/OC 


Average Offset Voltage Drift 
-55°C to +25°9C 


Bias Current 


Voltage Gain VIN = +2V, RL = 100M 0.97 
VIN = £10V, RL = 1k 

Output Voltage Swing +10 
Full Power Bandwidth Vout = 1 Vams: RL = 1k 


Vout = £10V, Ry. = 1k +25°C 
Propagation Delay , 
Overshoot VouT = < 500mV 10 
Differential Phase Error 


Minimum Supply Voltage Functional Operation Only. +25°C 
Other Parameters Will Vary. 


pV/°C 


Table 1 A 


pA 


3 


Table 1 


= 
~ 


se) 
— 


UVp-p 


Table 1 


$ 


Table 1 V, 


2 


0.98 V/V 
Table 1 V/V 
Table 1 


Table 1 V 


= 
N 


H 
Table 3 MHz 


Table 3 ns 


Table 3 V/ns 


oO 


NTSC Method Degree 


Differential Gain Error NTSC Method 


ViN = 1VRMS 


m 


oO 


H 
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Low Noise, High Performance 


January 1989 Operational Amplifier 


Features 


e This Circuit is Processed in Accordance to Mil-Std- 
883 and is Fully Conformant Under the Provisions of 
Paragraph 1.2.1. 


e Low Noise Voltage @ 1kHz 
e Low Noise Current @ 1kHz 
¢ Wide Unity Gain Bandwidth 


e High Gain (Full Temp) 
(Room Temp) 
e Slew Rate 


e High CMRR/PSRR (Full Temp) 
e High Output Drive Capability (Full Temp) 


4.5nV/\/Hz Max 
3pA/\/Hz Max 
10MHz Min 


100kV/V Min 
1MV/V Typ 
6V/us Min 


80dB Min 


Applications 

® High Quality Audio Preamplifiers 
e High Q Active Filters 

e Low Noise Function Generators 
¢ Low Distortion Oscillators 

e Low Noise Comparators 


Pinouts 


HA7-5101/883 (CERAMIC MINI-DIP) 
TOP VIEW 


HA4-5101/883 (CERAMIC LCC) 
TOP VIEW 


Description 


The HA-5101/883 is a dielectrically isolated operational 
amplifier featuring low noise and high performance. This 
amplifier has a excellent noise voltage density of 4.5nV/ 
VHz (max) at 1kHz. The unity gain stable HA-5101/883 
yields a 10OMHz unity gain bandwidth and a 6V/us slew rate. 


D.C. characteristics of the HA-5101/883 assure accurate 
performance. The 3mV (max) offset voltage is externally 
adjustable and offset voltage drift is just 3uV/9C. Low offset 
currents (200nA max) reduces input errors and with high 
open loop voltage gain of 100kV/V over temperature, 
increases the loop gain for low distortion amplification. 


The HA-5101/883 is ideal for audio applications, expecially 
low-level signal amplifiers such as microphone, tape head, 
and preamplifiers. Additionally, it is well suited for low 
distortion oscillators, low noise function generators, and 
high Q filters. 


The HA-5101/883 has guaranteed operation from -55°C to 
+125°9C, is available in Ceramic Mini-DIP, TO-99 Metal 
Can and 20 pin Ceramic LCC packages. 


HA2-5101/883 (METAL CAN) 
TOP VIEW 


V - (CASE) 
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Specifications HA-5101/883 


Absolute Maximum Ratings Thermal Information 

Voltage Between V+ and V-Terminals..............0ceeeeee 40V_ Thermal Resistance Bia Bic 
SE ATUL E UTIELIE SI OOD oo oa cies oe cee 0's ota ews séfee's cease 08. 7V Ceramic DIP Package...............4. 82°C/W  239C/W 
Voltage at Either Input Terminal ...................0000. V+ to V- Ceramic LCC Package .............0.:. 74°C/W  =20°C/W 
tei et I a RS ed ct at Ae ee a 25mA Metai Can Package .............ee00e- 1219C/W  36°9C/W 
Output Short Circuit Duration 2... 0... scesccncccvcinscens Indefinite Package Power Dissipation Limit at +75°C for Ty < +1759C 
pecs’ eB Tocco ia 15) 1 | Oe a Oe ea +175°C GCoramic DF Package hi bised. scien sPeenacehe shetes 1.22W 
Storage Temperature Range ................. -65°C to +150°C Ceramic CC PackGe cook acide hese cscstsisnsentendes 1.35W 
Bawa SUNS Gono act n shee cache nado na haba a ee Sanh a eee <2000V MIBTAPC RI PO sais Sor oreo ween sda ce seca ues 830mW 
Lead Temperature (Soldering 10 sec)..............2000- +275°9C Package Power Dissipation Derating Factor Above +75°C 
CAUTION: Absolute maximum ratings are limiting values, applied Ceramic DIP Package .......-..+ +e essere eee eeee 12.2mW/°C 
individually beyond which the serviceability of the circuit may be impaired. Ceramic LCC Package .......-+--se seer eee eees 13.5mW/9C 
Functional operability under any of these conditions is not necessarily Metal: Can Package 6. 60 fi podes sic cwas ec ccccenesas 8.3mW/°C 
implied. 


Recommended Operating Conditions 


Operating Temperature Range ..............- -55°C to+1259C = Vinom < 1/2 (V+ - V-) 
Operating Supply Voltage ............. cece ee eee +5Vto+15V Ry, > 5000 


TABLE 1. D.C. ELECTRICAL. PERFORMANCE CHARACTERISTICS 
Device Tested at: Supply Voltage = +15V, RSOURCE = 1002, RLOAD = 500kN, Vout = OV, Unless Otherwise Specified. 


LIMITS 
UNITS 


GROUP A 
D.C. PARAMETERS SYMBOL CONDITIONS SUBGROUP | TEMPERATURE 


Vom = OV 


Input Offset Voltage mV 


OP AMPs & 
COMPARATORS 


3 


+1259C, -55°C 


> 


Input Bias Current +l Vom = OV 
+Rg = 100kN. 


-Rs = 1002 


be 
> 


Vom =0V 
+Rs = 1002 
-Rsg = 100kN. 


— ] 


Input Offset Current Vom = OV 
+Rg = 100kN 


-Rg = 100k 


+1259C, -55°C 


+CMR 


Cornmon Mode Range 


rae 

aa 

ee 

wae ree 
ee 
| 28 _} vaste. see t_ 
Bis eee 
are 
mre 
ao 


-~CMR 


$ 


| Large Signal Voltage Gain | +Ayo. 


kV/V 


RL = 2kn 


+1259C, -559C 


+125°9C, -559C 


CAUTION: This device is sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 


VouT = OV and -19V kV/V 


Rip = 2k 


-AVOL 
kV/V 


Common Mode Rejection +CMRR 


Ratio 


AVcm = +10V 
+V=+5V 
-V =-25V 
VouT = -10V 


-CMRR -AVom = -10V 
+V = +25V 
-V=-5V 


Vout = +10V 
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TABLE 1. D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 
Device Tested at: Supply Voltage = +15V, Rsgurce = 1002, RLQAD = 500kN, Vout = OV, Unless Otherwise Specified. 


3 3 3 LIMITS 
GROUP A 
D.C. PARAMETERS SYMBOL CONDITIONS SUBGROUP | TEMPERATURE | MIN. | MAX | 


Output Voltage Swing +VouTi | RL = 2k i See EE en ke pe eee Se ee 
— | 29 | +26%,-s590 | wif - | wv 

— ee ee A ee 

+VouT2 | VSUPPLY = +18V 

Bas jiech P23 | vaso -s00 | 5 

Baus cided Poe ag) 2°09] 492600, 6590. fonl enemas ofp 


-PSRR 
+VigAdj 


TABLE 2. A.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 
Device Tested at Supply Voltage = +15V, RggurRcE = 502, RLOAD = 2k, CLOap = 5OpF, AycL = +1V/V, Unless Otherwise Specified. 


suscrovr | rewpenarune [win [| MAX | UNITS 
Rise & Fall Time Tr | Vour=0to+2z0omv | 4 |  +250c | 
ss ee Sj | = 88 ea] SURG -SO 

soi ainsi es Berets ade 


TF 
+OS VouT = 0 to +200mV 4 +25°9C 
-OS 


oes VouT = 0 to -200mV 
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<}<i[<]< 


: 
1) 
O 
[e) 
OQ 
< 


< 


< 


< 


VourT = -15V 
VSUPPLY = =18V 


Output Current 


Vout = +15V 
VSUPPLY = +18V 


Quiescent Power 
Supply Current 


Power Supply 
Rejection Ratio 


AVsup = 10V 
+V = +10V, -V =-15V 
+V = +20V, -V = -15V 


i waar | ote 
0 = 3, | 2 ab 
aS Sal ihe 
| ending ail: 
las 5a Ane 
Gece es Mees ala 
pa [—s6.- f= 
ho ae i nee ea 

pcre 

eee 


AVsup = 10V 
+V = +15V, -V =-10V 
+V = +15V, -V = -20V 


Note 5 
Ri = 2k, CL = SOpF 
Ay = +1V/V 


Offset Voltage 
Adjustment 


mA 
mA 
mA 
mA 
mA 
mA 
mV 
mV 
mV 
mV 


Overshoot 
+1259C, -55°C 
+25°C 


+1250C, -55°C 


HA-5101/883 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 
Device Characterized at: Supply Voltage = +15V, RLOAD = 2k, CLOAD = 5OpF, Ay = +1, Unless Otherwise Specified. 


LIMITS 
PARAMETERS SYMBOL CONDITIONS NOTES | TEMPERATURE | MIN | MAX | UNITS 


Differential Input 
Resistance 


Low Frequency UVp-p 


Peak-to-Peak Noise 


Input Noise Voltage Density En Rs = 202, fo = 1000Hz 
Input Noise Current Density | In | Rg = 2M2, fo = 1000Hz 
Unity Gain Bandwidth UGBW Vo = 100mV 


ae ii 


ake 
=r 
ial 
Tasco pve | | 
ree | = 
fel Re 
= Fo 
fies ek 


2 


Minimum Closed Loop CLSG Ryu = 2k, C_ = 50pF 
Stable Gain 


Output Resistance ROuT Open Loop ee 


NOTES: 1. Parameters listed in Table 3 are controlled via design or process parameters and are not directly tested at final production. These parameters are 
lab characterized upon initial design release, or upon design changes. These parameters are guaranteed by characterization based upon data 
from multiple production runs which reflect lot to lot and within lot variation. 


. Full Power Bandwidth guarantee based on Slew Rate measurement using FPBW = Slew Rate/(2nVpe ax). 
. Quiescent Power Consumption based upon Quiescent Supply Current test maximum. (No load on outputs.) 
. Input Noise Voltage Density and Input Noise Current Density is sample tested on every lot. 


. Offset adjustment range is [ Vig (Measured) + 1MV ] minimum referred to output. 
This test is for functionality only to assure adjustment through OV. 


Quiescent Power 
Consumption 


Of DN 


TABLE 4. ELECTRICAL TEST REQUIREMENTS 


SUBGROUPS (SEE TABLES 1 & 2) 


1*, 2,3, 4,5,6 
1,2,3,4,5,6 


MIL-STD-883 TEST REQUIREMENTS 


Interim Electrical Parameters (Pre Burn-in) 


Final Electrical Test Parameters 


Group A Test Requirements 
Groups C &D Endpoints 


* PDA applies to Subgroup 1 only. 
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HA-5101/883 


Test Circuit abauy 


Oo V1 
a << 


FOR LOOP STABILITY, 
USE MIN VALUE CAPACITOR 
* INCLUDES STRAY TO PREVENT OSCILLATION 

CAPACITANCES 50K 


0! S5B 2 
OPEN 20 1 SSA . ers rs 
1 
OPEN 9 S9 Re > 
S2 1 1 S6 me et Vo > 
OPEN 92 : 3 1 i * 
F 2 V2 


400K OPEN 1 2 gooKs | 200K 1 V 
S3B W) 2 2K 600 
VAC guage 
100} 2100 50> 47 1 ABP ge 
ae UF S7 > =< 
OUT 
\/ \/ C 
5K 5 VEE 
| 5] 84 
a8 ALL RESISTORS = + 1%() 


ALL CAPACITORS = + 10% 


For Detailed Information, Refer to HA-5101/883 Test Tech Brief 


Test Waveforms 
SIMPLIFIED TEST CIRCUIT (Applies To Tables 2 And 3) 


SLEW RATE WAVEFORMS 


+ 3.0V ———— + 3:0V 5 i . Acer eae ee es 3.0V 
INPUT 
- 3.0V ra - 3.0V - 3.0V - 3.0V 
+ SL - 
et 
OVERSHOOT, RISE/FALL TIME WAVEFORMS 
VBEAM 2 = Ss 
INPUT 
1 . 
OV - 200mV ve 
Tr yt OS Te, OS 
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HA-5101/883 


Burn-in Circuits 


HA7~-5101/883 CERAMIC MINI-DIP 


HA4-5191/883 CERAMIC LCC 


OP AMPs & 
COMPARATORS 


WW, V V 


NOTES: 

Ry = 1MQ, +5%, 1/4W (Min) 

Cz = Co = 0.01yF/Socket (Min) or 0.1.F/Row, (Min) 
Cg = 0.01yF/Socket, 10% 

D1 = Do = IN4002 or Equivalent/Board 

| (V+) - (V-)| = 30v 
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HA-5101/883 


Schematic Diagram 


O -IN O +I1N 
D1 D2 


inl 


cas 
Bart 
ae | Eb 
: <j 7 g18 
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HA-5101/883 


Die Characteristics 


DIE DIMENSIONS: GLASSIVATION: 

68.9 x 69.3 x 19 mils Type: Nitride 

(1750 x 1760 x 483 um) Thickness: 7kA + 0.7kA 
METALLIZATION: TRANSISTOR COUNT: 54 

ated sage te aid PROCESS: HFSB Bipolar Dielectric Isolation 

: + 
nee Nene DIE ATTACH: 

WORST sai CURRENT DENSITY: Material: Gold/Silicon Eutectic Alloy 

1.38 x 10°A/cmé at 30mA Temperature: Ceramic DIP — 460°C (Max) 
SUBSTRATE POTENTIAL (POWERED UP): V- Ceramic LCC — 420°C (Max) 


Metal Can — 420°C (Max) 


Metallization Mask Layout 
HA-5101/883 


BAL 


OP AMPs & 
COMPARATORS 


V+ 


+IN OUTPUT 


BAL 


NOTE: Pin Numbers Correspond to Ceramic Mini-DIP and Metai Can Packages Only. 
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Packaging t 


.005 MIN Se 


——— 


.200 MAX 
ie 


HA-5101/883 


8 PIN CERAMIC DIP 


-245 


.265 [— 


LEAD MATERIAL: Type B 
LEAD FINISH: Type A 
PACKAGE MATERIAL: Ceramic, 90% Alumina 
PACKAGE SEAL: 
Material: Glass Frit 
Temperature: 450°C + 10°C 


GW] GW 
wo;]~ 
{uo 
ae tae 
OI 
O;oO 


290 Method: Furnace Seal 


-310 6 INTERNAL LEAD WIRE: 
125 ~“Zi,_ .008* 1S Material: Aluminum 
.180 016 * 100 .015 Diameter: 1.25 Mil 
ao = Bonding Method: Ultrasonic 
. .050 * * INCREASE MAX LIMIT BY .003 INCHES COMPLIANT OUTLINE: 38510 D-4 
—— MEASURED AT CENTER OF FLAT FOR 
-065 SOLDER FINISH 


20 PAD CERAMIC LCC 


PAD MATERIAL: Type C 
PAD FINISH: Type A 
FINISH DIMENSION: Type A 
PACKAGE MATERIAL: Ceramic, 90% AloO03 
PACKAGE SEAL: 
Material: Gold/Tin (80/20) 
Temperature: 320°C + 10°C 
Method: Furnace Braze 
INTERNAL LEAD WIRE: 
Material: Aluminum 
Diameter: 1.25 Mil 
Bonding Method: Ultrasonic 
COMPLIANT OUTLINE: 38510 C-2 


8 PIN TO-99 METAL CAN 


LEAD MATERIAL: Type A 

LEAD FINISH: Type C 

PACKAGE MATERIAL: Kovar Header with 
Nickel Can 


505 
-560 


10 


aa PACKAGE SEAL: 


Material: No Seal Material 

Temperature: Room Temperature 

Method: Resistance Weld 
INTERNAL LEAD WIRE: 

Material: Aluminum 

Diameter: 1.25 Mil 

Bonding Method: Ultrasonic Bonded 
COMPLIANT OUTLINE: 38510 A-1 


*Dimension Maximum Limits Are Increased by 0.003 inches for Solder Dip Finish 


NOTE: All Dimensions are oll , Dimensions are in inches. t Mil-M-38510 Compliant Materials, Finishes, and Dimensions. 
x 
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a HARRIS 


A-5101 


DESIGN INFORMATION Low Noise, High Performance 
Operational Amplifier 


The information contained in this section has been developed through characterization by Harris Semiconductor and is for 
use as application and design aid only. These characteristics are not 100% tested and no product guarantee is implied. 


Typical Performance Curves Uniess Otherwise Specified: Vt = +15V, Ta = +25°C 


HA-5101 NOISE SPECTRUM OFFSET VOLTAGE vs. TEMPERATURE 
qr 8 T 
<= ie Ss 
2 7 2 S 
> < Ww 
=: 6 = o 
O 5 2 K 
< WY ° 
= x - 
S 3 = 
Ww 3 Lud Le 
2 2 i 
O fe} S 
Zz 2 z 
5 4 5 - 50 -25 0 +25 +50 - +75 +100 4125 
5 S TEMPERATURE (°C) ” 
zs 28 G 
10 100 1K 10K 100K ge 
FREQUENCY (Hz) So 
<< 
ae 
re) = 
PEAK-TO-PEAK NOISE 0.1Hz TO 10Hz PEAK-TO-PEAK TOTAL NOISE 0.1Hz TO 1MHz c 
Ay = 25,000, Voc = +15V Ay = 25,000, Voc = +15V 


(12.89MVp-p RTO or 0.52uVp-p RTI) 


5s SASS SS SE 


¥ 
: 
H 
$ 
- 
$ 


INPUT OFFSET CURRENT (nA) 
BIAS CURRENT (nA) 


-55 - 25 .¢) 25 50 75 100 125 
TEMPERATURE (°C) 


TEMPERATURE (°C) 
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HA-5101 


DESIGN INFORMATION (continueg) 


The information contained in this section has been developed through characterization by Harris Semiconductor and is for 
use as application and design aid only. These characteristics are not 100% tested and no product guarantee is implied. 


Typical Performance Curves unless Otherwise Specified: V+ = +15V, Ta = +25°C 


INPUT OFFSET WARMUP DRIFT vs. TIME 
{Normalized to Zero Final Value) 
(Six Representative Units) SUPPLY CURRENT vs. SUPPLY VOLTAGE 


TA= + 25°C 
Voc= + 15V 


OFFSET CHANGE (uV) 
SUPPLY CURRENT (mA) 


SUPPLY VOLTAGE (+ V) 


O 50 100 150 200 250 300 350 400 450 500 
TIME (SECONDS) 


SLEW RATE/RISE TIME vs. TEMPERATURE 
Ri = 2K, CL = 50pF, Voc = +15V SHORT CIRCUIT CURRENT vs. TIME 


LLL feemes | TLL 


E TTL e's 
= nee SLEW RATE Bee ee 
3 0.9 o9s 
5 Of 
= 2 2 
bd 0.8 0.8% Se 
< = 
x Fe & 
SOT 0.72 O 
0.6 0.6 
- 60)" #4020 - 5-0. > 20 40% 60 B62 "100 2-130 0 80780. 60s BD = AO: 420 TAGs; .160 
TEMPERATURE (OC) TIME (SEC) 
HA-5101 SETTLING WAVEFORM 
D.C. OPEN LOOP VOLTAGE GAIN vs. SUPPLY VOLTAGE 1.5ms/DIV. 
VN 
(dB) 
10M L 
Zz (140) 
< 
6 
SO 1M 
< san wine 
(120) 
e) 
=] 
o. 
O 100K 
i} (100) 
z 
Lu 
a 
Oho 
(80) 5 10 15 18 


SUPPLY VOLTAGE (+ V) 
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HA-51017 


DESIGN INFORMATION (continue) 


The information contained in this section has been developed through characterization by Harris Semiconductor and is for 
use as application and design aid only. These characteristics are not 100% tested and no product guarantee is implied. 


Typical Performance Curves Unless Otherwise Specified: Vt = +15V, Ta = +25°C 


HA-5101 CLOSED LOOP GAIN AND PHASE 
HA-5101 CLOSED LOOP VOLTAGE GAIN vs. FREQUENCY 


AT HIGH AND LOW TEMPERATURE 
(Typical Response of One Amplifier) 
Voc = +15V, Ay = 1V/V, RL = 2K, CL = 50pF 


pany ete i | 

SUT TTT 
. Cro Xie 
et LH TTT ct 


“Cort Ecaill | 

CTH tn In a 
CTF Pee SAT 2 
COIN Fon TTT ATT 
ETT TAT TTY 


10K 100K 1M 10M 100M 
FREQUENCY (Hz) 


CLOSED LOOP VOLTAGE GAIN 
HASE SHIFT (DEGREES) 


10K 100M 7) 

pREQUENaY (Hz) ‘i & 

HA-5101 REJECTION RATIOS vs. FREQUENCY a < 

OPEN LOOP GAIN/PHASE vs. FREQUENCY Ta = +259C, Voc = +15V ‘ < 

F = 

“COLT “MTT ee To °9 


PTT Tt 


= 
So 
o 


bigen TUE 


AT DIFFERENT CLOSED LOOP GAINS 
Ta = +25°C, Voc = +15V, RL = 2K, CL = 50pF 


pave oot TUE EET 
~~ 
ae a Stil tl 


Ay=10 || 


GAIN (dB) 
3 


| CTH HHS 

CoH : 
TIME ETE TTT LTT 
OL 
CL UUM ETM TA TT 


WEL TUT eT UT 
HE Het att 


Tesnnvoman’ ||| 


veo (tl LLM et 
teat M ‘atti a 


VOLTAGE GAIN (dB) 


STI 
CCT TSS 
CT 
PSCC TICS TT 
Baa. ST 
ten TT Poirot SN 
ie} 100 1K 10K 100K 1M 10M 1 


FREQUENCY (Hz) 


aii 
i000 
AE ETI PTET TTT 
solllll TUNE TEU | EAI | VTE 


100 


> 
° 


REJECTION RATIO (dB) 


-100 + 


-120 


© 
°o 
HASE SHIFT (DEGREES) 


@ 
° 
P 


ieeauenc: (Hz) 


_ 
So 
°o 


SMALL SIGNAL WAVEFORM 
SLEW RATE WAVEFORM Rise Time and Overshoot 
VIN = VouT = +8V, Ay = +1, RL = 2k, CL = SOpF Vin = VouT = OV to +200mV, Ay = +1, Ry, = 2K, CL = SOpF 
Timescale = 500ns/Div., Scale: Input = 5V/Div., Output = 2V/Div. Timescale = 20ns/Div. 


100% & 
INPUT foe 


OUTPUT 


ourpur feces 
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HA-51017 


DESIGN INFORMATION (continue) 


The information contained in this section has been developed through characterization by Harris Semiconductor and is for 
use as application and design aid only. These characteristics are not 100% tested and no product guarantee is implied. 
Applications Information 

OPERATION AT +5V SUPPLY OFFSET ADJUSTMENT 


The HA-5101 performs well at Vcc = +5V exhibiting The following is the recommended Vjo adjust configuration: 
typical characteristics as listed below: 


Icc 3.7 mA 
VIO 0.5 mV 
IBIAS 56 nA 
AVOL (Vo = +8V) 106 KV/V 
VOUT 3.7 V 
IOUT 13 mA 
CMRR (AVcop = +2.5V) 90 dB 
PSRR (AVcc = 0.5V) 90 dB 
Unity Bandwidth (5101) 10 MHz 
Slew Rate (5101) 7 V/us 


* Proper decoupling is always recommended, 0.1)F high quality capacitors 
should be at or vary near the device’s supply pins. 


INPUT PROTECTION 


The HA-5101 has built-in back-to-back protection diodes 
which will limit the differential input voltage to approx- 
imately 7V. If the HA-5101 will be used in conditions where 
that voltage may be exceeded, then current limiting 
resistors must be used. No more than 25mA should be 
allowed to flow in the HA-5101 input. 


COMPARATOR CIRCUIT 


OUTPUT SATURATION 


When an operational amplifier is overdriven, output devices (AVINMAX - 7V) 


can saturate and and sometimes take a long time to recover. proces ALM Puen Hig o5mA < 2RLIM 
Saturation can be avoided (sometimes) by using circuits 
such as: 

Top: Input 


Bottom: Output, 5V/Div., 2us/Div. 


OUTPUT & 


aveRD 2 14,140 
if saturation cannot be avoided the HA-5101 recovers from “369.3n so 44, FAT 
a 25% overdrive in about 6.5us (see photo). Output is overdriven negative, recovers after 6us. 
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DESIGN INFORMATION (Continued) 


The information contained in this section has been developed through characterization by Harris Semiconductor and is for use 

as application and design aid only. These characteristics are not 100% tested and no product guarantee is implied. 
TYPICAL PERFORMANCE CHARACTERISTICS 

Device Characterized at: Supply Voltage = +15V, RL = 2k, CL = 50pF, AycL = +1V/V Unless Otherwise Specified. 


Input Offset Current 
Differential Input Resistance 


Input Noise Voltage Density 


fe 
ae) 
fo = 1kHz gk 
Sa 

a 
fo = 100Hz 0 = 
fos the : 


Large Signal Voltage Gain VouT = +10V 
+1250C 

Siew Rate 73596 to +1259 were 
Fla ae 

To 0.01% for 10V Step ae 

: | #50 


t <10 Seconds, VouT = +15V 


Open Loop Table 3 


Minimum Supply Voltage Functional Operation Only, 
Other Parameters Will Vary 
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iG HARRIS 


HA-5102/883 


Dual, Low Noise, High Performance 
Operational Amplifier 


January 1989 


Features 


e This Circuit is Processed in Accordance to Mil-Std- 
883 and is Fully Conformant Under the Provisions of 
Paragraph 1.2.1. 


e Low Input Noise Voltage Density @ 1kHz .. . 6nV/\/Hz Max 
4.3nV/\/Hz Typ 


1V/us Min 
3V/us Typ 


8MHz Typ 


100kV/V Min 
250kV/V Typ 


86dB Min 
100dB Typ 


3yuV/°C Typ 


e High Slew Rate 


e Unity Gain Bandwidth 
¢ High Open Loop Gain (Full Temp) 


¢ High CMRR, PSRR (Full Temp) 


e Low Offset Voltage Drift 
® No Crossover Distortion 
e Standard Dual Pinout 


Applications 

e High Quality Audio Preamplifiers 
e High Q Active Filters 

e Low Noise Function Generators 
e Low Distortion Oscillators 

e Low Noise Comparators 


Pinouts 


HA7-5102/883 (CERAMIC MINI-DIP) 
TOP VIEW 


HA4-5102/883 (CERAMIC LCC) 
TOP VIEW 


Description 


Low noise and high performance are key words describing 
the unity gain stable HA-5102/883. This general purpose 
dual amplifier offers an array of dynamic specifications 
including 1V/us slew rate (min), AyCL > 1, and 8MHz band- 
width (typ). Complementing these outstanding parameters 
is a very low noise specification of 4.3nV/,\/Hz at 1kHz (typ), 
6nV/\/Hz (max). 


Fabricated using the Harris standard high frequency D.I. 
process, these operational amplifiers also offer excellent 
input specifications such as 2.5mV (max) offset voltage and 
75nA (max) offset current. Complementing these specifica- 
tions are 100dB (min) open loop gain and 100dB channel 
separation (typ). Economically, the HA-5102/883 also con- 
sumes a very moderate amount of supply power 180mW/ 
package. 


This impressive combination of features make this amplifier 
ideally suited for designs ranging from audio amplifiers and 
active filters to the most demanding signal conditioning and 
instrumentation circuits. 


This dual operational amplifier is available with industry 
standard pinouts allowing for immediate interchangeability 
with most other dual operational amplifiers. HA-5102/883 
is available in an 8 pin Ceramic Mini-DIP, 20 pin LCC and 
an 8 pin Metal Can (TO-99). 


HA2-5102/883 (METAL CAN) 
TOP VIEW 
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Specifications HA-5102/883 


Absolute Maximum Ratings 


Voltage Between V+ and V- Terminals...........eeeeeceeees 40V 
Differential Nout VONAGE... ccc cc ccc ccveccssscccccsvesee 7V 
Voltage at Either Input Terminal ............see ese e eens V+ to V- 
Pedi Guitout GUTONE ... icici cco wdslecess wed teeds oe Sbisis Indefinite 

(One Amplifier Shorted to Ground) 
Junction Temperature (Ty) ......ceceeee cece eeeceeeees +175°C 
Storage Temperature Range ............ee06- -65°C to +150°C 
BO MGUY sci cial ina Kener tavtades cececs¥s votes unes <2000V 
Lead Temperature (Soldering 10 S€C)..........eeeeeeeee +275°C 


CAUTION: Absolute maximum ratings are limiting values, applied 
individually beyond which the serviceability of the circuit may be impaired. 
Functional operability under any of these conditions is not necessarily 
implied. 


Thermal Information 


Thermal Resistance Gia Bic 
Ceramic DIP Package ...........es0005 82°C/W 26°C/W 
Ceramic LCC Pack@0e i... occ ccaciccnse 74°C/W  =20°C/W 
Metal Gan Package ....6scecciaccccecs 1019C/W 30°C/W 

Package Power Dissipation at +75°C for Ty < +175°C 


Ceramic DIPIPACKAGS 6. cece edict ceca vaee aire sommkas oi 1.22W 
Ceramic LCC PaCKAGe ). ccs ccewdescncnnececcscsesece 1.36W 
Motel Can PaGkade: < bciciccccccccctctcacesvtvnsedeecneesic 1W 
Package Power Dissipation Derating Factor Above +75°C 
Ceramic DIP Package .......cccccccccccccccvcees 12.2mW/°C 
Ceramic LCC Package .......scscccccccccccceces 13.6mW/°C 
Mpial Can PACKAGE: cise ncicae cab ees vicesewesnases 10mW/°C 


Recommended Operating Conditions 


Operating Temperature Range ..............- -55°C to +125°C 
Operating Supply Voltage .......... eee eee eeeeees +5V to +15V 


Ryu > 2k 


TABLE 1. D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 


Device Tested at: Supply Voltage = +15V, RsoURCE = 1002, RLOAD = 500kQ, Vout = OV, Unless Otherwise Specified. 


D.C. PARAMETERS 


Input Offset Voltage 


SYMBOL 
Vio 


+lpB Vom =0V 
+Rs = 10kN 
-Rs = 1002 


Vom =0V 


Input Bias Current 


Vom = OV 
+Rg = 10k. 
-Rs = 10kN 


Input Offset Current 


Common Mode Range +CMR 


-CMR 


Vout = OV and +10V 
Ri = 2kN 


Large Signal Voltage Gain +AVOL 


-AVOL Vout = OV and -10V 


Ry = 2kN 


Common Mode Rejection AVcm = +5V 
Ratio +V = +10V 
-V = -20V 


Vout = -5V 


AVom = -5V 
+V = +20V 
-V=-10V 
VouT = +5V 


GROUP A 
SUBGROUP 
a ee 


V 
p25 | mw | 


[aa [resem | as 
a eo 

| 2,3 | +12500,-8800_ 
a ee 


nA 


ai 


7 


3 
> 


Y f°) 
+12 
+12 


+1259C, -55°C 


| ee 
| 56 _| +1250¢,-559C 


kV/V 
kV, 


H 


kV/V 
kV/V 


+1259C, -55°C 


+1259C, -55°C 


+125°C, -55°C 


CAUTION: This device is sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
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COMPARATORS 


HA-5102/883 


TABLE 1. D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 
Device Tested at: Supply Voltage = +15V, RSoURCE = 100, RLOAD = 500kN, VouT = OV, Unless Otherwise Specified. 


LIMITS 
GROUP A 
D.C.PARAMETERS |SYMBOL CONDITIONS SUBGROUP | TEMPERATURE | MIN | MAX | UNITS 


ere ee 
a aM wa A x ao 


~ 
+125°9C, -55°C 12 


< 


< 


<i: t< 


Output Current 


3 13 
>| > 


seek aes 

re 
(28 _| vas 56 | 
BPs ei! al 
(a8 | ras 56 | 
ere, 
ae 
mea 
pa 


Quiescent Power 
Supply Current 


3 
> 


AEG 


= 
> 


Power Supply +PSRR 


Rejection Ratio 


AVsup = 10V 
+V = +10V, -V =-15V 
+V = +20V, -V = -15V 


+1259C, -55°C 


TABLE 2. A.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 


3 = 


AVsup =10V 
+V = +15V, -V =-10V 
+V = +15V, -V = -20V 


Device Tested at: Supply Voltage = +15V, RSQURCE = 502, RLOAD = 2kQ, CLOAD = 5OpF, AycL = +1V/V, 
Unless Otherwise Specified. 


GROUP A LIMITS 
| PARAMETERS SYMBOL CONDITIONS SUBGROUP | TEMPERATURE | MIN | MAX | 
me agen 


beat sey 
Rise & Fall Time TR VOUT = 0 to +200mV 
10% < TR < 90% 
TF VouT = 0 to -200mV 
10% < TF < 90% 


Overshoot 
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TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 
Device Characterized at: Supply Voltage = +15V, RLOAD = 2k, CLOAD = 50pF, AycL = 10V/V Unless Otherwise Specified. 


LIMITS 
SYMBOL CONDITIONS NOTES | TEMPERATURE | MAX | UNITS 


Differential Input 
Resistance 


Peek oe ae a 


Rs = 1k, AycL = 100V/V, 
VIN = 100mVpms @ 10kHz 
Referred to Input 


NOTES: 1. Parameters listed in Table 3 are controlled via design or process parameters and are not directly tested at final production. These parameters are 
lab characterized upon initial design release, or upon design changes. These parameters are guaranteed by characterization based upon data 
from multiple production runs which reflect lot to lot and within lot variation. 


OP AMPs & 
COMPARATORS 


2. Full Power Bandwidth guarantee based on Slew Rate measurement using FPBW = Slew Rate/(2nVpE ax). 


3. Quiescent Power Consumption based upon Quiescent Supply Current test maximum. (No load on outputs.) 


TABLE 4. ELECTRICAL TEST REQUIREMENTS 


MIL-STD-883 TEST REQUIREMENTS SUBGROUPS (SEE TABLES 1 & 2) 


Interim Electrical Parameters (Pre Burn-in) 
Final Electrical Test Parameters 


Group A Test Requirements 


Groups C & D Endpoints 


* PDA applies to Subgroup 1 only. 
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Test Circuit 
ACQuT 


as a 
y 


FOR LOOP STABILITY, 
USE MIN VALUE CAPACITOR 
* INCLUDES STRAY TO PREVENT OSCILLATION 

CAPACITANCES 500K 


OPEN 20 1 S4 > Peas 
sg 1 
OPEN 9S8 > 
2h 7 1 S5 G7 - 


Ti 2 eee 


,2 93 


vA Fi ALL RESISTORS = + 1% (QQ) 


ALL CAPACITORS = + 10% ( /F) 
ONE OF TWO TEST LOOPS FOR THE HA - 5102/ 883 DUT = 1/2 OF HA - 5102/ 883 


Test Waveforms 
SIMPLIFIED TEST CIRCUIT (Applies To Tables 2 and 3) 


SLEW RATE WAVEFORMS 


+ 3.0V + 3.0V + 3.0V-—_—_— + 3.0V 
INPUT 
- 3.0V - 3.0V - 3.0V - 3.0V 
+ SL - SL 
OVERSHOOT, RISE/FALL TIME WAVEFORMS 
+ 200mv ——— Ov 
INPUT 
Ov - 200mV 
TR »+ OS Tr, - OS 
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Burn-In Circuits 


HA7-5102/883 CERAMIC MINI-DIP 


OP AMPs & 
COMPARATORS 


NOTES: 

Ry = Ro = 2k, +5%, 1/4W/Socket (Min) 

Cy = Co = 0.01NF/Socket (Min) or 0.1pF/Row (Min) 
Dy = Do = IN4002 or Equivalent/Board 

| (v+) - (V-) |= 30V 
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Schematic Diagram 


ONE OF TWO AMPLIFIERS 


HA-5102/883 


(%2 HA-5102/883) 


(ores ae om (its PERE QN29 
QP27 
aps 
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Die Characteristics 


DIE DIMENSIONS: 
98.4 x 67.3 x 19 mils 
(2500 x 1710 x 483 ym) 
METALLIZATION: 
Type: Aluminum 
Thickness: 16kA + 2kA 
WORST CASE CURRENT DENSITY: 
1.43 x 10°A/cm2 at 10mA 
SUBSTRATE POTENTIAL (POWERED UP): 
Unbiased 


Metallization Mask Layout 


HA-5102/883 


GLASSIVATION: 
Type: Nitride 
Thickness: 7kA + 0.7kA 
TRANSISTOR COUNT: 93 
PROCESS: HFSB Linear Dielectric Isolation 


DIE ATTACH: 
Material: Gold/Silicon Eutectic Alloy 
Temperature: Ceramic DIP — 460°C (Max) 
Ceramic LCC — 420°C (Max) 
Metal Can — 420°C (Max) 


HA-5102/883 


V- +IN1 -IN1 OUT 1 


Mle ry elle Lt 


B305 156A HA-5102 AZOGI1 


OP AMPs & 
COMPARATORS 


NOTE: Pin Numbers Correspond to Mini-DIP and Metal Can Packages Only. 
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HA-5102/883 


Packaging 


8 PIN CERAMIC DIP 


RL io’ 
395 140 LEAD MATERIAL: Type B 
ee | =) aT Sha a P= LEAD FINISH: Type A 

: : PACKAGE MATERIAL: Ceramic, 90% Alumina 
} 4} —___] PACKAGE SEAL: 


eee Pe Material: Glass Frit 
Temperature: 450°C + 10°C 


.015 .290 
"060 7310 Method: Furnace Seal 
ae e 25 0 INTERNAL LEAD WIRE: 
Tab O15 "2 Material: Aluminum 
a : Diameter: 1.25 Mil 
a 050 * * INCREASE MAX LIMIT BY .003 INCHES Bonding Method: Ultrasonic 
= MEASURED AT CENTER OF FLAT FOR COMPLIANT OUTLINE: 38510 D-4 


-065 SOLDER FINISH 


20 PAD CERAMIC LCC 


PAD MATERIAL: Type C 
PAD FINISH: Type A 
FINISH DIMENSION: Type A 
PACKAGE MATERIAL: Ceramic, 90% Alo03 
PACKAGE SEAL: 
Material: Gold/Tin (80/20) 
Temperature: 320°C + 10°C 
Method: Furnace Braze 
INTERNAL LEAD WIRE: 
Material: Aluminum 
Diameter: 1.25 Mil 
Bonding Method: Ultrasonic 
COMPLIANT OUTLINE: 38510 C-2 


8 PIN TO-99 METAL CAN 


2165 505 LEAD MATERIAL: Type A 
560 LEAD FINISH: Type C 
016 PACKAGE MATERIAL: Kovar Header with 
aa arr 027 Nickel Can 


PACKAGE SEAL: 

Material: No Seal Material 

Temperature: Room Temperature 

Method: Resistance Weld 
INTERNAL LEAD WIRE: 

Material: Aluminum 

Diameter: 1.25 Mil 

Bonding Method: Ultrasonic Bonded 
COMPLIANT OUTLINE: 38510 A-1 


210 


*Dimension Maximum Limits Are Increased by 0.003 inches for Solder Dip Finish 


NOTE: All Dimensions are 


wo , Dimensions are in inches. t Mil-M-38510 Compliant Materials, Finishes, and Dimensions. 
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) HARRIS 


HA-5102 


DESIGN INFORMATION Dual, Low Noise, High Performance 
Operational Amplifier 


The information contained in this section has been developed through characterization by Harris Semiconductor and is for 
use as application and design aid only. These characteristics are not 100% tested and no product guarantee is implied. 


Typical Performance Curves unless Otherwise Specified: Ta = +25°C, VgupPLy = +15V 


INPUT NOISE VOLTAGE DENSITY INPUT NOISE CURRENT DENSITY 
Voc = +15V, Ta = +259C Voc = £15V, Ta = +25°9C 


==: 
a 1 
m4 Sot 
z = LM 
> Mi EE ie FS = 
w a coms oma sii PA ttt ap (ae be WB 8 
3 3 a Bas! at TL ill 
i B16 HHH ACH CH 
> CO) See 
2 = ae = ai i smart ae mann saat 
2 > (7h foun 0 ” 
ee an ACTA aS 
= 1 100 1K 10K 100K nae 
10 100 1K FREQUENCY (Hz) S re 
FREQUENCY (Hz) qt 
aS 
0.1Hz TO 10Hz NOISE 0.1Hz TO 1MHz NOISE ° ‘e) 
Voc = £15V, Ta = +25°C Voc = £15V, Ta = +25°C sd 
50uV/Div., 1s/Div., Ay = 1000V/V 500uV/Div., 1s/Div., Ay = 1000V/V 


Input Noise = 0.232"Vp-p Total Output Noise = 2. es -p 


Voc = +15V Voc = +15V 
es 
RE 2 
: 0 

> La = 2 BE 
— : £4 7 
: + 
< ae clas cog | La 
3 So = z 
> Ta © -10 a | 
i Ss 12 
2 im 2 | | 
E “pes rl os 
= 
= | = -18 | 
= = 
= = -20 r_ 

= ot a 

= 24 | a 

-60 40 -20 “6 20 40 680 80 100 © 120 “26 0-20 0 2 4244 &«+3680 80 100 120 
TEMPERATURE (°C) TEMPERATURE (9C) 
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HA-5102 


DESIGN INFORMATION (continuea) 


The information contained in this section has been developed through characterization by Harris Semiconductor and is for 
use as application and design aid only. These characteristics are not 100% tested and no product guarantee is implied. 


Typical Performance Curves unless Otherwise Specified: Ta = +25°C, Voyppiy = +15V 


Vio vs. Voc IBIAS VS. TEMPERATURE 
Ta = +25°C Voc = +15V 


EERRE 
ERCRERREREE 

a 
aed | Ll | 

ESEUa 


GRERGRE 


OFFSET VOLTAGE (mv) 


PC 

SUCRERRE 

SUCHREEE 

HSB SaREB 

RESHSCHEE 

ERSEMGED 

SEGRnaane 

Co 

oh 

Mi 

Ch 
ooo 

BEGEE 

Th 

oh 

INPUT BIAS CURRENT (nA) 


0 2 4 6 8 0 12 60 80 100 = 1120 
SUPPLY VOLTAGE (+/-V) TEMPERATURE (°C) 


a 
@ 
a 
—) 
b 
—) 
e 
—) 
S 
é 


AvoL vs. TEMPERATURE AVoL vs. LOAD RESISTANCE 
VCC = +15V, AVo = +10V, Ry = 2K Vo = £10V, Voc = +15V, Ta = +25°C 


OPEN LOOP VOLTAGE GAIN (105v/v) 
OPEN LOOP VOLTAGE GAIN (105V/V) 


LOAD RESISTANCE (()) 


TEMPERATURE (°C) 


AVOL Vs- Voc Vout Vs: Voc 

Ta = +259C, RL = 2K Ta = +25°C, Ry = 2K 
290 

poe ereren a tt tty Ek Lae eee ee Te 
270 ia a aS a ASG ake Rico” aaa 

eee... _eee "1 s 
= 9 RD Se eae OSE OE nS OO ee 
~ RSME Sot ms el > 10 4 
= a Cl ae et oe Spl ee | oe ee | | 
= 239 Fa i OS a i a sa ‘7 SaaS ee” SSseenne 
= ean. as = 8 
= 220 4H Ge Ea lek a eed ie. 
= 20 if ee SREB i aes ee 
- ET EERE PEELE EEE 
180 Ee J | 
© 170 = ie z= 
160 | : 


0 2 4 6 8 10 12 14 16 18 0 2 4 6 8 10 12 14 16 18 
SUPPLY VOLTAGE (ty) SUPPLY VOLTAGE (+y) 
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HA-5102 


DESIGN INFORMATION (continued) 


The information contained in this section has been developed through characterization by Harris Semiconductor and is for 
use as application and design aid only. These characteristics are not 100% tested and no product guarantee is implied. 


Typical Performance Curves unless Otherwise Specified: Ta = +25°C, VgupPLy = +15V 


OUTPUT SHORT-CIRCUIT CURRENT vs. TIME 
Voc = +15V, Ta = +25°C CMRR vs. FREQUENCY 


Pa 
at UTM EET P 
La al 
Lt. HEH THT 
te Gt all 
in I Tea TT 
enn 
(eth 
erin asc 
409 SE Bil 


10K 100K ll 


-40 


OUTPUT CURRENT (mA) 


CMRR (dB) 


o 
So 


0 50 100 150 200 250 300 350 400 450 


TIME (SECONDS) + 


CHANNEL SEPARATION vs. FREQUENCY 
PSRR vs. FREQUENCY 10Hz < f < 10MHz 


Lt TTT 

| BAIVMNUGStiMaUiRRH || 
| TE PT rt PLUS TL | 1 aa 
a a sl CE ee TTT 


cr oA PUTT 
Pe Be all 


OP AMPs & 
COMPARATORS 


-40 


SO TT 
anaeatcil 


10 100 1K 10K 100K 1M 10M 


1K 10K 100K 1M FREQUENCY (Hz) 
FREQUENCY (Hz) 


-140 dB 


POWER SUPPLY REJECTION (dB) 


HA-5102 UNITY GAIN FREQUENCY RESPONSE OPEN-LCOP GAIN vs. FREQUENCY 
Voc = +15V, Ry = 2K, CL = 50pF Voc = +£15V, Ru = 2K, CL = 50pF, Ta = +25°9C 


TUM LM ET 
80 = = 
Seas CCST 


E44 SH RS mts th 
V 


A STE 
Co Co CTISSI 
Tos 
COTM CTH eee EY 

PHASE 


VOLTAGE GAIN (dB) 


Bill 
ea 
SCC inal cits HI 
NET (CCU 
Nee a 
Se 
135 
CLA EU | EV Pi VD IN UT 


10K 100K 1M 10M 40m 100 10K 100K 10M 1008. 
FREQUENCY (Hz) FREQUENCY (Hz) 


VOLTAGE GAIN (dB) 
' 
PHASE SHIFT (DEGREES) 
= 


45 


SHIFT (DEGREES) 
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HA-5102 


DESIGN INFORMATION (continuea) 


The information contained in this section has been developed through characterization by Harris Semiconductor and is for 
use as application and design aid only. These characteristics are not 100% tested and no product guarantee is implied. 


Typical Performance Curves unless Otherwise Specified: T, = +25°C, VsupPLy = +15V 


SLEW RATE vs. TEMPERATURE RISE TIME vs. TEMPERATURE 
RL = 2K, CL = 50pF, Voc = +15V RL = 2K, CL = 50pF, Voc = +15V 
i PELLET LTE i aan: SaNabaaed apa 
3 aT 
Ter TTT 
= 09 aaa = 09 
ALLELE coal Suecwe gece 
= = 
< 0.8 = 08 
: 2 
3 c 
i EEELEEEEEEEELL : EEELEEELEEET TT 
0.6 Hy 0.6 
60 40 -20 0 SA 4: 2 8 100 120 60 -40 -20 0 20 4940 60 80 100 120 
TEMPERATURE (°C) TEMPERATURE (0C) 
SMALL SIGNAL OVERSHOOT vs. CLOAD Icc vs. Voc 
Ri = 2K, Ta = +259C, Voc = £15V Ta = +25°9C, lout = OMA 
60 5 
S 40 uit 
z 30 = 
= aa > 
: sae treteeL | | 
10 100 1K 10K > > es as SD SD SS 
LOAD CAPACITANCE (pF) ES aii 
a 
1 
0 A LE ARERLLTT 
0 2 4 6 8 13: | 42). Moone 8 
SUPPLY VOLTAGE (+v) 
LARGE SIGNAL RESPONSE SMALL SIGNAL RESPONSE 
VouT = +3V, Ay = 1, RL = 2k, Cy = 50pF VouT = OV to +200mV for Rise Time & +Overshoot 
Input = 2V/Div., Output = 2V/Div., Timescale = 5us/Div. Ay = 1, RL = 2k, Cy = 50pF, Timescale = 100ns/Div. 
sa ery 
ae 100% ee ec re ae acme cero ecoameeenn 
OUTPUT 
OUTPUT 
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DESIG N IN FO RMATIO N (Continued) 


The information contained in this section has been developed through characterization by Harris Semiconductor and is for use 

as application and design aid only. These characteristics are not 100% tested and no product guarantee is implied. 
TYPICAL PERFORMANCE CHARACTERISTICS 

Device Characterized at: Supply Voltage = +15V, RL = 2k, Cy = 50pF, AycL = +1V/V Unless Otherwise Specified. 


PARAMETERS CONDITIONS TEMP 


Offset Voltage Vom =0V +25°C le owe a Table 1 
Offset Voltage Average Drift Versus Temperature -559C to +1259C oe eae eS 
Offset Current Average Drift Versus Temperature -559C to +125°9C ee ee ee 


Input Bias Current Vom =0V 


[2 | mre 
a 
a 


i 
a 
N 


Input Noise Voltage Density 


Input Noise Current Density 


ac 
fo = 1kHz +25°9C Table 3 pA/\/Hz 


+250C 300 Table 1 
+1250C Table 1 
2 


Full Power Bandwidth Note 2, Vpeak =10V -559C to +125°9C | so of on kHz 


Large Signal Voltage Gain 


580 
ao 
eo 
[asc 2596 | 
[see 1 28° 
Ty GanBanawian | Vour<z0omv_————«dt =e 
TRcsmndFartines —*| Vour=azoonv | -ssecreavasee | 0 
a 
Teaotwtriovses | vec -| eo | wo | 

280 

a 
[80 


Output Short Circuit Current 


) +5 Vv 


Minimum Supply Voltage Functional Operation Only, +25°9C +4 
Other Parameters Will Vary 
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w HARRIS HA-5104/883 


Low Noise, High Performance, 
Quad Operational Amplifier 


January 1989 


Features 


e This Circuit is Processed in Accordance to Mil-Std- 
883 and is Fully Conformant Under the Provisions of 
Paragraph 1.2.1. 


¢ Low Input Noise Voltage Density @ 1kHz . . . 6nV/\/Hz Max 
4.3nV/\/Hz Typ 


SS UE sp-acccae ave oe as ane eee kee ees 1V/us Min 
3V/us Typ 

e Unity Gain Bandwidth .................... 8MHz Typ 
¢ High Open Loop Gain (Full Temp) ...... 100kV/V Min 
250kV/V Typ 

e High CMRR, PSRR (Full Temp)............. 86dB Min 
100dB Typ 

¢ Low Offset Voltage Drift ................ 3uV/9C Typ 


e No Crossover Distortion 
¢ Standard Quad Pinout 


Applications 


¢ High Q Active Filters 

@ Audio Amplifiers 

e Integrators 

¢ Signal Generators 

® Instrumentation Amplifiers 


Description 


Low noise and high performance are key words describing 
the unity gain stable HA-5104/883. This general purpose 
quad amplifier offers an array of dynamic specifications 
including 1V/us slew rate (min), and 8MHz bandwidth (typ). 
Complementing these outstanding parameters is a very low 
noise specifications of 4.3nV/\/Hz at 1kHz (typ) or 6nV/\/Hz 
(max). 


Fabricated using the Harris standard high frequency D.I. 
process, this operational amplifier also offer excellent input 
specifications such as 2.5mV (max) offset voltage and 75nA 
(max) offset current. Complementing these specifications 
are 100dB (min) open loop gain and 100dB channel 
separation (typ). Economically, the HA-5104/883 also 
consumes a very moderate amount of power (225mW per 
package) while also saving board space and cost. 


This impressive combination of features make this amplifier 
ideally suited for designs ranging from audio amplifiers and 
active filters to the most demanding signal conditioning and 
instrumentation circuits. 


This quad operational amplifier is availabie with industry 
standard pinouts allowing for immediate interchangeability 
with most other quad operational amplifiers. The HA-5104/ 
883 is available in a 14 pin Ceramic DIP and 20 pin Ceramic 
LCC package. 


Pinouts 


HA1-5104/883 (CERAMIC DIP) 
TOP VIEW 


HA4-5104/883 (CERAMIC LCC) 
TOP VIEW 


+ IN4 
NC 
V - 


+ 1N1 
NC 


V+ 


NC NC 


+ IN2 + INS 
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Specifications HA-5104/883 


Absolute Maximum Ratings 


Voltage Between V+ and V- TerminalS...... se ceeee eee eee 40V 
Differential Input Voltage... .... cece cece ee eee eee ee ee eens 7V 
Voltage at Either Input Terminal .........0eeee eee eeeeeee V+ to V- 
Peak Output Current ........0eeeeeenees Indefinite (One Amplifier 

Shorted to Ground) 
Junction Temperature (Ty) «0... eeeee cere rece renee eens +1759C 
Storage Temperature Range ..........seeeee -65°C to +150°C 
ESD RAHA onc oc cic oa hRle code nciee pe deve gs eariecceest <2000V 
Lead Temperature (Soldering 10 S€C)..... 6. cece eee ee ees 275°C 


CAUTION: Absolute maximum ratings are limiting values, applied 
individually beyond which the serviceability of the circuit may be impaired. 
Functional operability under any of these conditions is not necessarily 
implied. 


Thermal Information 


Thermal Resistance 9ja Te 
Ceramic DIP Package........seeeeeees 789C/W 18°C /W 
Ceramic LCC Package .......sseeeeees 76°C/W = 199C/W 

Package Power Dissipation Limit at +75°C for Ty < +175°C 
Ceramic DIP Package .......ccccccccccvensecsncesence 1.29W 
Ceramic LCC Package ......ccscccccscccccwensssncess 1.32W 

Package Power Dissipation Derating Factor Above +75°9C 
Ceramic DIP PACHROG Fan ccc cadessccauss can dees 12.9mW/°C 
Geramic LOG: PaCkG@@G ss cccwisvrdecccasncseensoes 13.1mW/°C 


Recommended Operating Conditions 


Operating Temperature Range ..........eeees -55°C to +125°C 
Operating Supply Voltage ........eeeeeeeeeeeeeeee +5V to +15V 


ViNcm < 1/2 (V+ - V-) 
Ry > 2kQ 


TABLE 1. D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 


Device Tested at: Supply Voltage = +15V, RSQURCE = 1009, RLOAD = 500k2, Vout = OV, Unless Otherwise Specifiec. 


D.C. PARAMETERS 


input Offset Voltage 


SYMBOL 
Vio 


Vom = OV 


Input Bias Current Vom = 0V 
+Rs = 10k 


-Rs = 1002 


Vom = OV 
+Rs = 100 
-Rs = 10k. 


Input Offset Current Vom = OV 
+Rgs = 10kN 


-Rg = 10k. 


Common Mode Range 


Large Signal Voltage Gain Vout = OV and +10V 


Ru = 2k 


Vout = OV and -10V 
Ry = 2k 


Common Mode Rejection 
Ratio 


AVcm = -5V 
+V = +20V 
-V=-10V 
Vout = +5V 


GROUP A 
CONDITIONS SUBGROUP | TEMPERATURE 


[wax 


Taco | aoo | oa 


a [os [oe 


ee es 


chet 


+25°C 


i , 
= 
A 


2,3 +1259C, -55°C 


+259C 


2,3 +125°C, -559C 


+25°C 
+1259C, -55°C 
+25°9C 
+1259C, -55°9C 
+25°9C 
+125°9C, -55°C 
+25°9C 


+125°9C, -55°9C 100 


+25°9C 
+1259C, -55°C 


+25°9C 


2,3 +1259C, -55°9C 
1 +25°C 
Gyan +125°9C, -55°9C 


CAUTION: This device is sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
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HA-5104/883 


TABLE 1. D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 
Device Tested at: Supply Voltage = +15V, RSQURCE = 1002, RLOAD = 500kN, VouT = OV, Unless Otherwise Specified. 


GROUP A 
D.C. PARAMETERS SYMBOL CONDITIONS SUBGROUP | TEMPERATURE 
+VouT2 | RE =10kn 
+125°C, -55°C 
-louT VouT = +5V -10 
+1259C, -55°C -10 
rs 
ae 
: ‘ Ea 


LIMITS 


UNITS 


Output Voltage Swing 


— 
oO 


—_ 


_ 
Nh 


0 


— 
Le) 


Output Current 


m 


> 


m 


> 


m 


os 


> 


Quiescent Power 
Supply Current 


CZ 


lout = OmA 


3 


>| > 


+125°9C, -55°9C 


Power Supply 
Rejection Ratio 


AVsup = 10V 
+V = +10V, -V =-15V 
+V = +20V, -V = -15V 


AVsup =10V 
+V = +15V, -V =-10V 
+V = +15V, -V = -20V 


eres 
Sere ees 
re ee 
ares 
a8 | re ae 
en 
a 
aa reo ame 
ho Bars +1259C, -559C -7.5 
-PSRR 
TABLE 2. A.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 


Device Tested at: Supply Voltage = +15V, RSQURCE = 502, RLOAD = 2kN, CLOAD = 50pF, AvcL = +1V/V, 
Unless Otherwise Specified. 


PARAMETERS SYMBOL CONDITIONS - 


GROUP A 


SUBGROUP TEMPERATURE 


8a ee ar ee ee 


VouT = +3V to -3V 1 
Rise & Fall Time TR VouT = 0 to +200mV +25°C 

10% <TR <90% 
ee | 


VouT = 0 to -200mV 


F 
Overshoot VOUT = 0 to +200mV 


| 08 VouT = 0 to -200mV 
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TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


Device Characterized at: Supply Voltage = +15V, RLOAD = 2k, CLoAD = 50pF, AycL = 10V/V Unless Otherwise Specified. 


LIMITS 


UNITS 


Minimum Closed Loop 
Stable Gain 


Quiescent Power 
Consumption 


Channel Separation CS Rg = 1kf, AycL = 100V/V, 
Vin = 100mVRms @ 10kHz 
Referred to Input 


NOTES: 1. Parameters listed in Table 3 are controlled via design or process parameters and are not directly tested at final production. These parameters are 
lab characterized upon initial design release, or upon design changes. These parameters are guaranteed by characterization based upon data 
from multiple production runs which reflect lot to lot and within lot variation. 


OP AMPs & 
COMPARATORS 


2. Full Power Bandwidth guarantee based on Slew Rate measurement using FPBW = Slew Rate/(2nVp_e ax). 
3. Quiescent Power Consumption based upon Quiescent Supply Current test maximum. (No load on outputs.) 


TABLE 4. ELECTRICAL TEST REQUIREMENTS 


Groups C &D Endpoints 


* PDA applies to Subgroup 1 only. 
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Test Circuit 


ACouT 
V1 
50pF* i 
10K FOR LOOP STABILITY, 
USE MIN VALUE CAPACITOR 
* INCLUDES STRAY TO PREVENT OSCILLATION 
S1 1 CAPACITANCES 500K 
OPEN 20 1. S4 . SOOK bee Fes 
so 1 
s2 1 1 S5 Brie: zie > 
: Q 192 
OPEN 20 Ms be ee, V 
14 eae) 
. 2K 10K 
IAC 0.1 {1 - 
100 100 50 EE 
Eout 
ee od 2 
re 2 S3 
ne : ALL RESISTORS = + 1% (9) 
ALL CAPACITORS = + 10% (/F) 
ONE OF FOUR TEST LOOPS FOR THE HA - 5104/ 883 DUT = 1/4 OF HA - 5104/ 883 
For Detailed Information, Refer to HA-5104/883 Test Tech Brief 
Test Waveforms 
SIMPLIFIED TEST CIRCUIT (Applies To Tables 2 And 3) 
SLEW RATE WAVEFORMS 
+ 3.0V + 3.0V + 3.0V 
+ 3.0V ey 
INPUT 
-25 
- 3.0V - 3.0V - 3.0V - 3.0V 
+ SL -SL 
+ 200mV 
INPUT 
OV 
Tp .+ OS 
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Burn-In Circuits 


HA7-5104/883 CERAMIC DIP 


OP AMPs & 
COMPARATORS 


HA4-5104/883 CERAMIC LCC 


NOTES: 

Ry =Ro =Rg =R4g= 1MQ, 5%, 1/4W (Min) 

Cy = Co = 0.1pF/Socket (Min) or 0.01pF/Row (Min) 
D1 = Dp = IN4002 or Equivalent/Board 

| (V+) - (V-) |= 30V 
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Schematic Diagram 


TO CHANNELS 2, 3, 4 


ONE OF FOUR AMPLIFIERS 


HA-5104/883 


(Y%4 HA-5104/883) 
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QNI7 


R9 
110 


OUTPUT 


R7 QP39 
150 


HA-5104/883 


Die Characteristics 


DIE DIMENSIONS: GLASSIVATION: 
99.6 x 95.3 x 19 mils Type: Nitride 
(2530 x 2420 x 483 um) Thickness: 7kA + 0.7kA 
METALLIZATION: TRANSISTOR COUNT: 175 
a shel gt ax PROCESS: HFSB Linear Dielectric Isolation 
range _ DIE ATTACH: 
WORST oS: wae ceed DENSITY: Material: Gold/Silicon Eutectic Alloy 
1.43 x 10°A/cm< at 10mA Temperature: Ceramic DIP — 460°C (Max) 
SUBSTRATE POTENTIAL (POWERED UP): Ceramic LCC — 420°C (Max) 
Unbiased 


Metallization Mask Layout 


HA-5104/883 


fe 

86 

ae 

-IN 2 -IN 1 Si 

i< 

oO. a. 

s 

06 

o 
OUT 2 OUT 1 
OUT 3 OUT 4 
-IN3 9 -IN 4 


NOTE: Pin Numbers Correspond to 14 Pin Ceramic DIP Package Only. 
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Packaging t 
14 PIN CERAMIC DIP 


a 
15° 


* INCREASE MAX LIMIT BY .003 INCHES 
MEASURED AT CENTER OF FLAT FOR 


SOLDER FINISH 
LEAD MATERIAL: Type B INTERNAL LEAD WIRE: 
LEAD FINISH: Type A Material: Aluminum 
PACKAGE MATERIAL: Ceramic, 90% Alumina Diameter: 1.25 Mil 
PACKAGE SEAL: Bonding Method: Ultrasonic 
Material: Glass Frit COMPLIANT OUTLINE: 38510 D-1 


Temperature: 450°C + 100°C 
Method: Furnace Seal 


20 PAD CERAMIC LCC 


PAD MATERIAL: Type C INTERNAL LEAD WIRE: 

PAD FINISH: Type A Material: Aluminum 

FINISH DIMENSION: Type A Diameter: 1.25 Mil 

PACKAGE MATERIAL: Multilayer Ceramic, 90% Alumina Bonding Method: Ultrasonic 
PACKAGE SEAL: COMPLIANT OUTLINE: 38510 C-2 


Material: Gold/Tin (80/20) 
Temperature: 320°C + 10°C 
Method: Furnace Braze 


a , Dimensions are in inches. t Mil-M-38510 Compliant Materials, Finishes, and Dimensions. 
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HARRIS 


DESIGN INFORMATION 


A-5104 


Low Noise, High Performance, 
Quad Operational Amplifier 


The intormation contained in this section has been developed through characterization by Harris Semiconductor and is for 
use as application and design aid only. These characteristics are not 100% tested and no product guarantee is implied. 


Typical Performance Curves unless Otherwise Specified: Ta = +25°C, VguppLy = +15V 


INPUT OFFSET VOLTAGE (mv) 


INPUT NOISE VOLTAGE DENSITY 
Voc = +15V, Ta = +259C 


NOISE VOLTAGE (nV//Hz) 


FREQUENCY (Hz) 


0.1Hz TO 10Hz NOISE 
Voc = +15V, Ta = +259C 
50yV/Div., 1s/Div., Ay = 1000V/V 
Input Noise = 0. aa: 


: 
: 
i 


-60 -40 -20 0 20 40 60 80 100 120 
TEMPERATURE (°C) 


3-249 


INPUT NOISE CURRENT (pA/ VHz) 


ET CURRENT (nA) 


INPUT NOISE CURRENT DENSITY 
Voc = +15V, Ta = +25°C 


=e i] i> os tt tH 
toon ma 
Sess iii ont 


FREQUENCY (Hz) 


0.1Hz TO 1MHz NOISE 
Voc = +15V, Ta = +259C 
500pV/Div., 1s/Div., Ay = 1000V/V 
Total Output Noise = 2. ee 


ERNE 


LZ 
a 
a 
Poche] 
Be 
| 1 
| hd 


a EI 
je Oe es oy 
Ser ar ele ae hd ea 
a Ha HD a Ow 


=. -20 22 «40~=Sss«6Osté“‘i‘ikwsSCtiS«éiséd 2D 
TEMPERATURE (°C) 
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HA-5104 


DESIGN INFORMATION (continuea) 


The information contained in this section has been developed through characterization by Harris Semiconductor and is tor 
use as application and design aid only. These characteristics are not 100% tested and no product guarantee is implied. 


Typical Performance Curves unless Otherwise Specified: Ta = +25°C, VsyppLy = +15V 


Vio vs. Voc IBIAS VS. TEMPERATURE 
Ta = +25°C Voc = +15V 


cre 
=a 
ae 
oe 
ser 
ro 
may 


OFFSET VOLTAGE (mv) 
INPUT BIAS CURRENT (nA) 


0 2 4 6 8 10 12 14 16 18 -60 + -40 -20 0 20 40 60 80 100 8=120 


SUPPLY VOLTAGE (+/-V) TEMPERATURE (°C) 
AvoL vs. TEMPERATURE AVoL vs. LOAD RESISTANCE 
VCC = +15V, AVo = +10V, Ry = 2K Vo = #10V, Voc = +15V, Ta = +25°C 


errea 


OPEN LOOP VOLTAGE GAIN (105V/v) 
OPEN LOOP VOLTAGE GAIN (105v/v) 


LOAD RESISTANCE (Q) 


TEMPERATURE (°C) 


AVOL Vs- Voc VouT Vs- Yoc 
Ta = +259C, RL = 2K Ta = +25°C, RL = 2K 
290 
280 [+ oe 0G EF 
rg Ms OS 0S (a 
260 re cane 
= sett bt LE ETS oe is are ok > 
= a tt tt Ge = ef 
= 230 = 3 
= 220 = 
re = 
ope ie Oe ies ee > 
gr > py vs ee een eed es ee = 
=z oO 
Pena : 
160 
150 ca aia en 
140 Lo Bet i We glad oe] 
130 L_ ia a a 
0 2 4 6 8 10 12 14 16 18 0 2 4 6 8 10 12 14 16 18 
SUPPLY VOLTAGE (tv) SUPPLY VOLTAGE (+v) 
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HA-5104 


DESIGN INFORMATION (continued) 


The information contained in this section has been developed through characterization by Harris Semiconductor and is for 
use as application and design aid only. These characteristics are not 100% tested and no product guarantee is implied. 
Typical Performance Curves Unless Otherwise Specified: Ta = +25°C, VguppLy = +15V 


OUTPUT SHORT-CIRCUIT CURRENT vs. TIME 
Voc = +15V, Ta = +25°C CMRR vs. FREQUENCY 


OUTPUT CURRENT (mA) 


PL ere TT TT 


0 50 100 150 200 250 300 350 400 450 
TIME (SECONDS) 


CMRR (dB) 


ect | 
ail mati MT 
-100 coi Cone 


10K 100K 


CHANNEL SEPARATION vs. FREQUENCY 
PSRR vs. FREQUENCY 10Hz < f < 10MHz 


Se 
ett cr CCCI AIC aa 
Connon ssHnSuiiES ata 
a a a fill 
cc eA 
eae ert | 


OP AMPs & 
COMPARATORS 


-40 


POWER SUPPLY REJECTION (dB) 
CHANNEL SEPARATION (dB) 
t s ' 
i 
o 


60 

cee 140 dB 
Z = in 
100 Trini ct 10 100 1K 10K = 100K.——s1M~—sSATOM 

1K 100K FREQUENCY (Hz) 

encaaeue (Hz) 
HA-5104 UNITY GAIN FREQUENCY RESPONSE OPEN-LOOP GAIN vs. FREQUENCY 
Voc = +15, RL = 2K, CL = 5OpF Voc = +15V, RL = 2K, CL = 50pF, Ta = +25°C 
100 

: SEAL ant NBL = ots 


Hot 

| =< 

LUT TTA sce al 
PHASE 


ie 
SOE STE UT 
BEEeslie ISSUE 
PTET IPS=w 
NXE PTE TET 
CAST ewe TCH 
CCCI CCAS 

Be? SUT MEY PH | WIN UD 


100 1K 10K 100K OOM 
FREQUENCY (Hz) 


VOLTAGE GAIN (dB) 


VOLTAGE GAIN (dB) 


PHASE SHIFT (DEGREES) 
o 


10K 100K 1M 10M 40M 
FREQUENCY (Hz) 
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HA-5104 


DESIGN INFORMATION (continuea) 


The information contained in this section has been developed through characterization by Harris Semiconductor and is for 
use as application and design aid only. These characteristics are not 100% tested and no product guarantee is implied. 


Typical Performance Curves unless Otherwise Specified: Ta = +25°C, VSUPPLY = +15V 


SLEW RATE vs. TEMPERATURE RISE TIME vs. TEMPERATURE 
Ri = 2K, CL = 50pF, Voc = +15V Ri = 2K, CL = 50pF, Voc = +15V 
: aaaag 
- =e 1 La 
fo] i] 
N N 
=z =z 
= = 09 
2 2 
< 2 0s 
= “ 
a e 
: LTT 
0.6 
60 -40 -20 0 2 40 60 980 100 120 60 40 -20 0 20 
TEMPERATURE (0C) TEMPERATURE (0C) 
SMALL SIGNAL OVERSHOOT vs. C_oap Icc vs. TEMPERATURE 
RL = 2K, Ta = +25°C, Voc = +15V TA = +259C, Voc = +15V, lout = OMA 
60 5 
*€ EEL EET 
S 40 <4 T 
= 30 £ TT | 
“i 20 z 
wi = 3 
> 
10 100 1K 10K = 
LOAD CAPACITANCE (pF) = ? 
S 1 
0 THC 
0 -40 -20 40 
‘amano 
LARGE SIGNAL RESPONSE SMALL SIGNAL RESPONSE 
VIN = VouT = +3V, Ay = +1, RL = 2k, Cy = 50pF VOUT = OV to -200mV for Fall Time & -Overshoot 
Voltage Scale = 2V/Div., Timescale = 2us/Div. Ay = +1, RL = 2k, CL = 50pF, Timescale = 50ns/Div. 


0% 
INPUT 


OUTPUT 


OUTPUT | 


100% 
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DESIGN INFORMATION (Continued) 


The information contained in this section has been developed through characterization by Harris Semiconductor and is for 
use as application and design aid only. These characteristics are not 100% tested and no product guarantee is implied. 


TYPICAL PERFORMANCE CHARACTERISTICS 
Device Characterized at: Supply Voltage = +15V, RL = 2kQ, Cy = 50pF, AycL = +1V/V Unless Otherwise Specified. 


DESIGN 
PARAMETERS CONDITIONS TEMP TYPICAL LIMITS UNITS 


Tomeivenase i voweow—SS«dSCaao «| ow | ates | 
Toner urentavrage it | VerseTempartre | 88000-2800 | 00 | 280 | oneo 


VouT = +10V -55°C 
+25°C 
+1259C 


Full Power Bandwidth -55°C to +1250C 
Unity Gain Bandwidth +250C 
Rise and Fall Times -55°C to +125°C 


-55°C to +1259C 


Settling Time To 0.1% for 10V Step +25°9C 
To 0.01% for 10V Step +25°9C 


Input Noise Voltage Density 


Input Noise Current Density 


Table 3 pA/ 
Table 1 V, 


| Tables | 

[| Tables | kv 

[Tablet | kv 

| Tebiet | kv 
Zz 
Zz 


Large Signal Voltage Gain 


| KV 
| kW 
Table 1 
Ewa Mee 
eee a tee 
Eee 
eel pean He 


Ss 
pte sae 
A 


VouT = +200mV 


Output Short Circuit Current To <10 Seconds, VoyT = £15V +25°C 0 
Output Resistance Open Loop +25°C 
Channel Separation f = 10kHz +25°9C 


Functional Operation Only, 
Other Parameters Will Vary 


1 

3 
1 

+ 5 

1 Table 3 2 


0.3 
1.5 
00 
+2 
30 
10 
35 
10 
+4 


+25°9C 
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at HARRIS 


HA-5111/883 


Low Noise, High Performance 


January 1989 Uncompensated Operational Amplifier 


Features 


e This Circuit is Processed in Accordance to Mil-Std- 
883 and is Fully Conformant Under the Provisions of 
Paragraph 1.2.1. 


e Low Noise Voltage Density @ 1kHz.. 4.5nV/,\/Hz Max 
e Low Noise Current Density @ 1kHz....3pA/\/Hz Max 


e Wide Gain Bandwidth Product 7OMHz Min 
100MHz Typ 


40V/us Min 
60V/us Typ 


100kV/V Min 
1MV/V Typ 


80dB Min 
25mA 


e High Slew Rate 


e High Gain (Full Temp) 
(Room Temp) 


¢ High CMRR/PSRR (Full Temp) 
¢ High Output Drive Capability (Full Temp) 


Applications 

e High Quality Audio Preamplifiers 
e High Q Active Filters 

e Low Noise Function Generators 
¢ Low Distortion Oscillators 

@ Low Noise Comparators 


Pinouts 


HA7-5111/883 (CERAMIC MINI-DIP) 
TOP VIEW 


HA4-5111/883 (CERAMIC LCC) 


Description 


The HA-5111/883 is a dielectrically isolated operational 
amplifier featuring superb high speed and low noise 
performance. This amplifier has guaranteed noise voltage 
density of 4.5nV/,\/Hz (max) at 1kKHz and guaranteed noise 
current density of 3pA/,\/Hz at 1kHz. The HA-5111/883 
has a minimum gain bandwidth product of 7OMHz while 
maintaining slew rates of 40V/us minimum and 60V/us typi- 
cal. 


The D.C. characteristics of the HA-5111/883 assure 
accurate performance by having a high open loop gain of 
typically 1MV/V at room temperature, or 100kV/V over the 
full temperature range. The 3mV (max) offset voltage is 
externally adjustable and has typical offset drift less than 
3yuV/OC. 


The HA-5111/883 is ideal for audio applications, especially 
low-level signal amplifiers such as microphone, tape head, 
and preamplifiers. Additionally, it is well suited for low 
distortion oscillators, low noise function generators, and 
high Q filters. 


The HA-5111/883 has guaranteed operation from -559C to 
+125°C, is available in Ceramic Mini-DIP, TO-99 Metal 
Can and 20 pin Ceramic LCC packages. 


HA2-5111/883 (METAL CAN) 
TOP VIEW 
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Specifications HA-5111/883 


Absolute Maximum Ratings Thermal Information 

Voltage Between V+ and V- Terminals. .............ee0ee0e: 40V__—s Thermal Resistance Bia Bic 
Dilerentialingul Volege<.o.s3c08s sc riirreenerer ewes 7V Ceramic DIP Package ...............6- 829C/W 27°9C/W 
Voltage at Either Input Terminal ..................02008- V+ to V- Ceramic LCC Package ................ 74°C/W 20°C/W 
WGA UII ako gy 5 waaaieen aw icin ug wie tb conc imac ele Ma eae 25mA Metal Can Package ............22ee00: 1219C/W = 36°C/W 
Output Short Circuit Duration ............... 2 eee ee eee Indefinite | Package Power Dissipation Limit at +75°C for Ty < +175°C 
Junction Teynperature (7p)... ic ccc cp teense ccieenanes +175°9C Cereriic DIP PAChBOe obo oka es Seo cbese vee pear es nveaeasi 1.22W 
Storage Temperature Range ..............6.5 -65°C to +150°C Cy PCL oo 5 van, 60 0's nie nin e's ain ote'a w bin a's 1.35W 
a FRAO onic eos th vt Vee ded 08 be ea WOON N cient’ <2000V Metal Can PaCkGie 6 cits cs cncteashs vie sentceccan saves 830mW 
Lead Temperature (Soldering 10 S@C)...........cceeeeee +275°9C Package Power Dissipation Derating Factor Above +75°C 
CAUTION: Absolute maximum ratings are limiting values, applied Ceramic DIP Package ..........-+...sseeeereeees 12.2mW/°C 
individually beyond which the serviceability of the circuit may be impaired. Ceramic LCC Package .......--..eeeeeeeeeeeeeee 13.5mW/9C 
Functional operability under any of these conditions is not necessarily Maiat Carr Packie aon Sore oc nc ccc ce clewies 8.3mW/°C 
implied. 


Recommended Operating Conditions 


Operating Temperature Range ............... -55°C to+1259C ~= Vincm < 1/2 (V+ - V-) 
Operating Supply Voltage ........... cece eee eeees +5Vto+15V Ry, > 5000 


TABLE 1. D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 
Device Tested at: Supply Voltage = +15V, RsouRCE = 1002, RLOAD = 500kN, Vout = OV, Unless Otherwise Specified. 


LIMITS 
GROUP A 
D.C.PARAMETERS  |SYMBOL CONDITIONS SUBGROUP | TEMPERATURE | MIN | MAX — UNITS 
| 23 © | +1250c,-s50c | -4 | 4 | mv 
+Rg = 100k 
+1259C,-550¢ | -a25 | 925 | na_| 


OP AMPs & 
COMPARATORS 


Input Bias Current 


-Rs = 1009 


Vom =0V 
+Rs = 1000 
-Rs = 100kN. 


= 
> 


4 
Lye) 
1) 
[e) 
©) 
! 
N 
oi 


Vom =0V 
+Rg = 100kN 
-Rg = 100kN. 


Input Offset Current 


+25°C 
r 


seas eeoer. nae 


Common Mode Range 


kV/V 


Large Signal Voltage Gain 


Hi 


kV, 
kV/V 


kV, 


100 
-AVOL Vout = OV and -10V 
Rp = 2k 


+CMRR | AVcom=+10V 
+V = +5V 
-V =-25V 
VouT = -10V 
-CMRR 


CAUTION: This device is sensitive to electrostatic discharge. Proper |.C. handling procedures should be followed. 


Common Mode Rejection 
Ratio 


I 
~“ 


+ 
—_ 
nO 
oO 
° 
9 
! 
on 
oO 
° 
‘@) 
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TABLE 1. D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 
Device Tested at: Supply Voltage = +15V, RSOURCE = 1002, RLOAD = 500k, Vout = OV, Unless Otherwise Specified. 


LIMITS 
GROUP A 
D.C.PARAMETERS __| SYMBOL SUBGROUP | TEMPERATURE } MIN | MAX — UNITS 


| 23 | +asec,-ssec | v2 | - | v_| 
*VouT2 | VSUPPLY = #18V ai a cl 5 
Pb 2 a ee 
“outa | eupety © #'ey ee ee ee eae) 
pamiia yasamiiins.. | 490806, 060} “etna Meo 
Vout =~15V Deak tani! (ea Sete se as rs 
iliac pa eS ae 2 ae Oe ee 
Vout= +16V Ee ee ee 
fuel ad a re ee 
Pot | sage [ee | | 
en ce ee ee 
+V = +10V, -V =-15V 
+V = +15V, -V=-10V 
ef 
-vioAdi | Note 6 Peet ice pate 
See To 


Output Current +louT 


Quiescent Power 
Supply Current 


Power Supply 
Rejection Ratio 


Offset Voltage 
Adjustment 


TABLE 2. A.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 
Device Tested at Supply Voltage = +15V, RSoURCE = 502, RLOAD = 2kM, CLOAD = 5OpF, AycL = +10V/V, Unless Otherwise ———— 


tt ee 
GROUP A 
PARAMETERS SYMBOL CONDITIONS SUBGROUP | TEMPERATURE | MIN | MAX | UNITS 
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TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 
Device Characterized at: Supply Voltage = +15V, RLOAD = 2kN, CLoAD = 50pF, Ay = +10V/V, Unless Otherwise Specified. 


| LIMITS 
PARAMETERS SYMBOL CONDITIONS NOTES | TEMPERATURE | MIN | MAX | UNITS 
Differential Input Vom = OV +25°9C kQ 
Resistance 
Low Frequency +25°9C UVp-p 
Peak-to-Peak Noise 


Input Noise Voltage Density | Rg =209,f9=1000Hz | 202, fo = 1000Hz po AQSOC | ae rn nV//Hz 

Full Power Bandwidth FPBW | VpeaK = 10V 
% 
% 


ap 


Minimum Closed Loop Ri = 2k, CL = 50pF 


Stable Gain eae 

Rise & Fall Time VouT = OV to +200mV 
a VoutT = OV to -200mV 

Overshoot | +408 | 

oe 


Quiescent Power Vout = OV, lout = OmA 
Consumption 


NOTES: 1. Parameters listed in Table 3 are controlled via design or process parameters and are not directly tested at final production. These parameters are 
lab characterized upon initial design release, or upon design changes. These parameters are guaranteed by characterization based upon data 
from multiple production runs which reflect lot to lot and within lot variation. 


. Full Power Bandwidth guarantee based on Slew Rate measurement using FPBW = Slew Rate/(2nVpe ax). 
. Quiescent Power Consumption based upon Quiescent Supply Current test maximum. (No load on outputs.) 
. Measured between 10% and 90% points. 

. Input Noise Voltage Density and Input Noise Current Density is sample tested on every lot. 


a nr WN 


. Offset adjustment range is [ Vig (Measured) + 1MV ] minimum referred to output. 
This test is for functionality only to assure adjustment through OV. 


TABLE 4. ELECTRICAL TEST REQUIREMENTS 


MIL-STD-883 TEST REQUIREMENTS SUBGROUPS (SEE TABLES 1 & 2) 


Group A Test Requirements 
Groups C & D Endpoints 


* PDA applies to Subgroup 1 only. 
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HA-5111/883 


Test Circuit (Applies To Tables 1, 2 And 3) 


0 V1 
50pF* << 


FOR LOOP STABILITY, 
USE MIN VALUE CAPACITOR 


100K oe 


S3A 2 


* INCLUDES STRAY TO PREVENT OSCILLATION 
CAPACITANCES 50K 
OPEN 2° 1 SSA , wot ® nae 
1 
OPEN 9S9 
<a ‘ ~ id OPEN sai 192 > 
OPEN 92 , —< — A : 3 is Be \/ \/ 
OPEN. 1 : 
100K 2 2 Gh) 
$3B 
vac 326 1 2K 600 
100 100 P : 
47 1 
se eS ee ee > 
\/ \/ EoutT 
5K - VEE 
92 
| 84 
aA, ALL RESISTORS = + 1% (2) 


ALL CAPACITORS = + 10% 
For Detailed Information, Refer to HA-5111/883 Test Tech Brief 


Test Waveforms 
SIMPLIFIED TEST CIRCUIT (Applies To Tables 2 And 3) 


0 OUT 


Ay= + 10V/V 


SLEW RATE WAVEFORMS 
+ 3.0V + 3.0V Sh 5. Sarena amRRT + 3.0V 
INPUT 
- 3.0V - 3.0V - 3.0V - 3.0V 
+ SL - SL 
OVERSHOOT, RISE/FALL TIME WAVEFORMS 
+ 20mV OV 
INPUT 
OV - 20mV 
TR »+OS Te, -OS 


Note: Measured on both positive and negative transitions. 
Capacitance at compensation pin should be minimized. 
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Burn-In Circuits 


HA7-5111/883 CERAMIC DIP 


OP AMPs & 
COMPARATORS 


HA2-5111/883 (TO-99) METAL CAN 


NOTES: 

Ry = Rg = 1k, +5%, 1/4W (Min) 

Ro = 10k, +5%, 1/4W (Min) 

C1 = Co = 0.01p"F/Socket (Min) or 0.1.F/Row (Min) 
Dy = Dog = IN4002 or Equivalent/Board 

| (v+) - (V-) |= 30v 
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Schematic Diagram 


O +I1N 


Alice se 
[e se 


041 
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HA-5111/883 


Die Characteristics 


DIE DIMENSIONS: GLASSIVATION: 
68.9 x 69.3 x 19 mils Type: Nitride 
(1750 x 1760 x 483 pm) Thickness: 7kA + 0.7kA 
METALLIZATION: TRANSISTOR COUNT: 54 
Type: es a PROCESS: HFSB Bipolar Dielectric Isolation 
Thickness: 16kA + DIE ATTACH: 
WORST ey ape ida DENSITY: Material: Gold/Silicon Eutectic Alloy 
1.38 x 10°A/cmé at 30mA Temperature: Ceramic DIP — 460°C (Max) 
SUBSTRATE POTENTIAL (POWERED UP): V- Ceramic LCC — 420°C (Max) 


Metal Can — 420°C (Max) 


Metallization Mask Layout 
HA-5111/883 


COMP 


BAL § 


~IN V+ 
+IN OUTPUT 
BAL 


NOTE: Pin Numbers Correspond to Ceramic Mini-DIP and Metal Can Packages Oniy. 


3-261 


e 
BO 
ne 
oa 

fs 
a 
[56 
5) 


HA-5111/883 


Packaging t 
8 PIN CERAMIC DIP 


ao 
395 140 (ee LEAD MATERIAL: Type B 
.005 MIN 160 eyes fe) LEAD FINISH: Type A 
es 


PACKAGE MATERIAL: Ceramic, 90% Alumina 
apt 
.290 
.150 MIN aa, 
.055 MAX ~~ .008* 


PACKAGE SEAL: 
Material: Glass Frit 
Temperature: 450°C + 10°C 
Method: Furnace Seal 
= INTERNAL LEAD WIRE: 


100 .015 Material: Aluminum 
BSC Diameter: 1.25 Mil 
* INCREASE MAX LIMIT BY .003 INCHES Bonding Method: Ultrasonic 
MEAGH NED AT SENTERZ OG FCAT FOR COMPLIANT OUTLINE: 38510 D-4 


SOLDER FINISH 


20 PAD CERAMIC LCC 


PAD MATERIAL: Type C 
PAD FINISH: Type A 
FINISH DIMENSION: Type A 
PACKAGE MATERIAL: Ceramic, 90% AloO3 
PACKAGE SEAL: 
Material: Gold/Tin (80/20) 
Temperature: 320°C + 10°C 
Method: Furnace Braze 
INTERNAL LEAD WIRE: 
Material: Aluminum 
Diameter: 1.25 Mil 
Bonding Method: Ultrasonic 
COMPLIANT OUTLINE: 38510 C-2 


8 PIN TO-99 METAL CAN 


505 LEAD MATERIAL: Type A 
560 LEAD FINISH: Type C 
te PACKAGE MATERIAL: Kovar Header with 
010 “er 027 Nickel Can 


045 PACKAGE SEAL: 


Material: No Seal Material 

Temperature: Room Temperature 

Method: Resistance Weld 
INTERNAL LEAD WIRE: 

Material: Aluminum 

Diameter: 1.25 Mil 

Bonding Method: Ultrasonic Bonded 
COMPLIANT OUTLINE: 38510 A-1 


*Dimension Maximum Limits Are Increased by 0.003 inches for Solder Dip Finish 


Min 


NOTE: All Dimensions are 
Max 


, Dimensions are in inches. t Mil-M-38510 Compliant Materials, Finishes, and Dimensions. 
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DESIGN INFORMATION Low Noise, High Performance 


Uncompensated Operational Amplifier 


The information contained in this section has been developed through characterization by Harris Semiconductor and is for 
use as application and design aid only. These characteristics are not 100% tested and no product guarantee is implied. 


Typical Performance Curves Unless Otherwise Specified: V+ = +15V, Ta = +25°C 


INPUT OFFSET CURRENT (nA) 


Hz) 


INPUT NOISE VOLTAGE (nV/ 


HA-5111 NOISE SPECTRUM OFFSET VOLTAGE vs. TEMPERATURE 


Oo 


Hz) 


OFFSET VOLTAGE (1V) 


+75 
TEMPERATURE (°C) 


INPUT NOISE CURRENT (pA/ 


FREQUENCY (Hz) 


OP AMPs & 
COMPARATORS 


PEAK-TO-PEAK NOISE 0.1Hz TO 10Hz PEAK-TO-PEAK TOTAL NOISE 0.1Hz TO 1MHz 
Ay = 25,000, Voc = +15V Ay = 25,000, Voc = +15V 
(0.09uVp-p RTI) ~ (12.89MVp-p RTO or 0.52uVp-p RTI) 


= 


ee : 
SANS ee LT Boerne 
3 Boose Betovo 


BIAS CURRENT (nA) 


55 “20 0 25 50 75 100 12 
100 


125 


5 
-25 0 25 50 75 


(e) 
TEMPERATURE (°C) TEMPERATURE (°C) 
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DESIGN INFORMATION (continue) 


The information contained in this section has been developed through characterization by Harris Semiconductor and is for 
use as application and design aid only. These characteristics are not 100% tested and no product guarantee is implied. 


Typical Performance Curves unless Otherwise Specified: V+ = +15V, Ta = +25°C 


INPUT OFFSET WARMUP DRIFT vs. TIME 
(Normalized to Zero Final Value) 
(Six Representative Units) SUPPLY CURRENT vs. SUPPLY VOLTAGE 


TA= + 25°C 
Voc= + 15V 


OFFSET CHANGE (uV) 
SUPPLY CURRENT (mA) 


0 2 4 6 8 10 12 14 16 18. 20 
SUPPLY VOLTAGE (+ V) 


0 50 100 150 200 250 300 350 400 450 500 
TIME (SECONDS) 


SLEW RATE/RISE TIME vs. TEMPERATURE 
Ri = 2K, Cy = SOpF, Voc = +15V SHORT CIRCUIT CURRENT vs. TIME 


vac 


ray 1 105 < 
Ww a WW E 
3 er SLEW RATE 4f 5 4 
S09 o9s 
c c c 
fe) So = 
WwW O.8 085 
< 2 » 
og = oO 
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DESIGN INFORMATION (continueg) 


The information contained in this section has been developed through characterization by Harris Semiconductor and is for 
use as application and design aid only. These characteristics are not 100% tested and no product guarantee is implied. 


Typical Performance Curves Unless Otherwise Specified: V+ = +15V, Ta = +25°C 
HA-5111 CLOSED LOOP GAIN AND PHASE 


AT HIGH AND LOW TEMPERATURE HA-5111 CLOSED LOOP VOLTAGE GAIN vs. FREQUENCY 
(Typical Response of One Amplifier) AT DIFFERENT CLOSED LOOP GAINS 
Voc = +15V, Ay = 10V/V, RL = 2K, CL = 50pF Ta = +259°C, Voc = +15V, Ay = 100, 10V/V, RL. = 2K, CL = 50pF 
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CLOOSED- LOOP 
VOLTAGE GAIN (dB) 
o 


o 
PHASE SHIFT (DEGREES) 


2] 
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HA-5111 REJECTION RATIOS vs. FREQUENCY é = 

OPEN LOOP GAIN/PHASE vs. FREQUENCY Ta = +259C, Voc = +15V < =< 
S= 
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Reena) FREQUENCY To 
SMALL SIGNAL WAVEFORM 
SLEW RATE WAVEFORM Rise Time and Overshoot 
VouT = +3V, Ay = +10, RL = 2k, Cy, = 5OpF Vout = OV to +200mvV, Ay = +10, RL = 2K, C_ = SOpF 


Timescale = 200ns/Div., Scale: Input = 0.2V/Div., Output = 2V/Div. Timescale = 50ns/Div. 
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DESIGN INFORMATION (continued) 


The information contained in this section has been developed through characterization by Harris Semiconductor and is for 
use as application and design aid only. These characteristics are not 100% tested and no product guarantee is implied. 


Applications Information 
OPERATION AT +5V SUPPLY 


The HA-5111 performs well at Vcc = +5V exhibiting 
typical characteristics as listed below: 


Icc Ws mA 
Vio 0.5 mV 
IBIAS 56 nA 
AVOL (Vo = +8V) 106 KV/V 
VouUT 3.7 V 
lOUT 13 mA 
CMRR (AVcpm = £2.5V) 90 dB 
PSRR (AVcc = 0.5V) 90 dB 
GBW (5111) 100 MHz 
Slew Rate (5111) 40 V/us 


INPUT PROTECTION 


The HA-5111 has built-in back-to-back protection diodes 
which will limit the differential input voltage to approx- 
imately 7V. If the HA-5111 will be used in conditions where 
that voltage may be exceeded, then current limiting 
resistors must be used. No more than 25mA should be 
allowed to flow in the HA-5111 input. 


OUTPUT SATURATION 


When an operational amplifier is overdriven, output devices 
can saturate and and sometimes take a long time to recover. 
Saturation can be avoided (sometimes) by using circuits 
such as: 


+V 


If saturation cannot be avoided the HA-5111 recovers from 
a 25% overdrive in about 6.5us (see photo). 


OFFSET ADJUSTMENT 
The following is the recommended Vio adjust configuration: 


+ 15V 
5 


Rp = 100K 
J 
-15V 


* Proper decoupling is always recommended, 0.1yF high quality capacitors 
should be at or vary near the device’s supply pins. 


COMPENSATION 


An external compensation capacitor can be used with the 
HA-5111 connected between pin 8 and ground (or V-, 
V+ not recommended). A plot of gain bandwidth product vs. 
compensation capacitor has been included as a design aid. 
The capacitor should be a high frequency type mounted 
near the device leads to minimize parasitics. 


100 


GAIN BANDWIDTH PRODUCT (MHz) 
S 


Top: Input 
Bottom: Output, 5V/Div., 2us/Div. 


OUTPUT & 


#14, 7 


Output is overdriven negative, recovers after 6us. 
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DESIGN INFORMATION (Continued) 


The information contained in this section has been developed through characterization by Harris Semiconductor and is for use 
as application and design aid only. These characteristics are not 100% tested and no product guarantee is implied. 


TYPICAL PERFORMANCE CHARACTERISTICS 
Device Characterized at: Supply Voltage = +15V, RL = 2k, CL = 50pF, AycL = 10V/V Unless Otherwise Specified. 


DESIGN 
PARAMETERS CONDITIONS TEMP TYPICAL LIMITS UNITS 


Offset Voltage Average Drift Versus Temperature -55°C to +1259C pV/OC 
Offset Current Average Drift Versus Temperature -559C to +125°9C pA/°C 


Peak-to-Peak Noise Voltage +250C 
at Various Bandwidths 4.9506 


100 
Table 1 
Table 1 nA 
Table 3 


Table 3 
| 03. | eo 
047 | 10 | pp | 
27e | 40 | Wep 
8 | avi | 
aS 

| Tables | 


0.09 


Input Noise Voltage Density 


fo = 1kHz +25°C Table 3 nV//Hz 
Input Noise Current Density fo = 10Hz +25°C 


+25°9C 


fo = 1kHz +250C 
Table 1 


VouT = +10V -559C 
+25°9C 
+125°C Table 1 


Slew Rate Vout = £5V -550C to +125°C +60 +40 
Full Power Bandwidth Note 2, Vpeak = 10V -550C to +1250C 1.6 


Large Signal Voltage Gain 


Rise and Fall Times VouT = +200mV -55°C to +1259C 


Settling Time To 0.1% for 10V Step +25°C 
To 0.01% for 10V Step +25°C 
Output Short Circuit Current t <10 Seconds, Voyt = +15V +25°C +35 +50 


Output Resistance Open Loop +25°9C Table 3 


Minimum Supply Voltage Functional Operation Only, 
Other Parameters Will Vary 


+25°C 


H 
£ 
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FARRIS 


Ht HA-5112/883 


January 1989 Uncompensated Operational Amplifier 


Features 


e This Circuit is Processed in Accordance to Mil-Std- 
883 and is Fully Conformant Under the Provisions of 
Paragraph 1.2.1. 


¢ Low Input Noise Voltage Density @ 1kHz . . . 6nV/\/Hz Max 
4.3nV/\/Hz Typ 


12V/us Min 
20V/us Typ 


e Wide Gain Bandwidth Product (Ayc_ > 10) .. 60MHz 
e Low Offset Voltage Drift 3yV/°C Typ 


¢ High Open Loop Gain (Full Temp.)...... 100kV/V Min 
250kV/V Typ 


¢ High CMRR/PSRR (Full Temp.) ............ 86dB Min 
100dB Typ 


3uV/°C Typ 


e High Slew Rate 


e Low Offset Voltage Drift 
¢ No Crossover Distortion 
e Standard Dual Pinout 


Applications 

e High Quality Audio Preamplifiers 
*® High Q Active Filters 

¢ Low Noise Function Generators 
¢ Low Distortion Oscillators 

e Low Noise Comparators 


Pinouts 


HA7-5112/883 (CERAMIC MINI-DIP) 
TOP VIEW 


HA4-5112/883 (CERAMIC LCC) 


Description 


Low noise and high performance are key words describing 
the dual, uncompensated HA-5112/883. This general 
purpose amplifier offers an array of dynamic specifications 
including 12V/us slew rate (min), and 6OMHz gain-band- 
width-product for AyCL > 10. Complementing these out- 
standing parameters is a very low noise specification of 
6nV/\/Hz at 1kHz (max). 


Fabricated using the Harris standard high frequency D.I. 
process, these operational amplifiers also offer excellent 
input specifications such as 2.5mV (max) offset voltage and 
75nA (max) offset current. Complementing these specifica- 
tions are 100dB (min) open loop gain and 100dB channel 
separation (typ). The HA-5112/883 also consumes a very 
modest amount of supply power (180mW/package). 


This impressive combination of features make this amplifier 
ideally suited for designs ranging from audio amplifiers and 
active filters to the most demanding signal conditioning and 
instrumentation circuits. 


This dual operational amplifier is available with industry 
standard pinouts allowing for immediate interchangeability 
with most other dual operational amplifiers. HA-5112/883 
is available in an 8 pin Ceramic Mini-DIP, 20 pin LCC and 
an 8 pin Metal Can (TO-99). 


HA2-5112/883 (METAL CAN) 
TOP VIEW 
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Specifications HA-5112/883 


Absolute Maximum Ratings 


Thermal Information 


Voltage Between V+ and V- Terminals. ..........0ceeeeeeeee 40V__—s Thermal Resistance Bia Bic 

TEL Bik i ii in pecan tn sncrsecin eves inerrant 7V Ceramic DIP Package ..........seseees 1219C/W 39°9C/W 

Voltage at Either Input Terminal .............0000eeeeeee V+ to V- Ceramic LCC Package ..........sse00. 74°C/W 3=20°C/W 

PR CANNES TOU oon aia.t che hadsdekaguskundads uapace Indefinite Metal Can Package ......cccccssessrce 1019C/W 30°C/W 
(One Amplifier Shorted to Ground) Package Power Dissipation at +75°C for Ty < +175°9C 

Junction Temperature (Ty) 2... cece eeeee cece eeeeeeees +175°C COPRINIG DIP PAGO S oon ois oes desct vaneueeeseaones 820mW 

Storage Temperature Range .............006. -65°C to +150°C Ceramic LOC PRGGg@ <0 cece decscasescnecsccsvcesis 1.36W 

EASA «iio st Riccnu Coes taiean Oe nihes hs edie ene og <2000V NO COO Col is ccsevaedssevsucebevenansneaaens 1W 

Lead Temperature (Soldering 10 S@C)...........eeeeeeee +275°C Package Power Dissipation Derating Factor Above +75°C 

CAUTION: Absolute maximum ratings are limiting values, applied COTAITES OFF PGROGS 0 0 oie is Shs Se ccsevessvcceeecs 8.2mW/°C 

individually beyond which the serviceability of the circuit may be impaired. Ceramic LCC Package .........-seeeeeeeeeeeeees 13.6mW/0C 

Functional operability under any of these conditions is not necessarily Metal Can Package .......ccccccccccccccccccvcees 10mW/9C 

implied. 

Recommended Operating Conditions 

Operating Temperature Range ............06- -55°C to+1259C = Vinom < 1/2 (V+ - V-) 

Operating Supply Voltage .........ceeeeeeeeeeees +5Vto+15V Ry > 2kN 


TABLE 1. D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 
Device Tested at: Supply Voltage = +15V, RSoURCE = 1002, RLOAD = 500kN, VoyT = OV, Unless Otherwise Specified. 


Input Offset Voltage 


Input Bias Current +lpB Vom = OV 
+Rgs = 10kN 


-Rs = 1009 


input Offset Current 


Common Mode Range 


V+=27V 
V- =-3V 


Large Signal Voltage Gain Vout = OV and +10V 


Ri = 2kN 


Vout = OV and -10V 
Ry = 2kN 


Common Mode Rejection 
Ratio 


GROUP A 
D.C.PARAMETERS  |SYMBOL CONDITIONS SUBGROUP | TEMPERATURE | MIN | MAX | UNITS 


Vom =0V 


| LIMITS | 


—— eee eS 
[28 [wanes | as [as | wv 
[vase | 200 [200 | 
| 2,3 | +128%0,-s800 | -se5 | 325 | na 
[vase | -t00 | 200 | me 
| 23 | +1280c,-s800 | -a2s | aes | na 
penance 
| 2a | +12s0c,-ssec | -125 | 125 | na 
1 +12 V 


+125°C, -55°C 


+125°9C, -55°9C 


+125°C, -55°C 


CAUTION: This device is sensitive to electrostatic discharge. Proper 1.C. handling procedures should be followed. 
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TABLE 1. D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 
Device Tested at: Supply Voltage = +15V, RSQURCE = 1002, RLOAD = 500kQ, Vout = OV, Unless Otherwise Specified. 


GROUP A 
D.C. PARAMETERS SYMBOL SUBGROUP | TEMPERATURE 
2 


+125°9C, -55°C 


2,3 +1259C, -55°9C 


+1259C, -55°C 


LIMITS 


UNITS 


-1 


fo) 


10 
12 
0 


Output Current 


3 
>} >i > 


Quiescent Power 
Supply Current 


sia Wa a 
ae | eiaene stone 
Pee pera | 
Ta | ras 
es 
| 2a | +800, 
Pare 


3 
> 


= 


3 iis 3 


Power Supply 
Rejection Ratio 


AVsup = 10V 
+V = +10V, -V =-15V 
+V = +20V, -V = -15V 


+1259C, -559C 


+1259C, -55°C 


TABLE 2. A.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 
This Table Intentionally Left Blank. See A.C. Parameters on Table 3. 


AVsup =10V 
+V = +15V, -V = -10V 
+V = +15V, -V =-20V 
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TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 
Device Characterized at: Supply Voltage = +15V, RLOAD = 2kN, CLOAD = 50PF, AvcL = 10V/V Unless Otherwise Specified. 


LIMITS 
PARAMETERS SYMBOL CONDITIONS NOTES | TEMPERATURE | MIN. | MAX UNITS 
Differential Input Vom = OV +25°9C 
Resistance 


Gain Bandwidth Product 
VouT = -5V to +5V 1 


Slew Rate 
VourT = +5V to -5V 


vee 
Full Power Bandwidth VPEAK=10V = 
Minimum Closed Loop CLSG Ri = 2k, CL = 50pF 
Stable Gain 
Rise & Fall Time VouT = OV to +200mV ae 
pe 
ae es 


Quiescent Power OV, louT = OMA 


Consumption 


VOUT 


Channel Separation Rs = 1k, AvcL = 100V/V, 


Vin = 100mMVrms @ 10kHz 
Referred to Input 


NOTES: 1. Parameters listed in Table 3 are controlled via design or process parameters and are not directly tested at final production. These parameters are 
lab characterized upon initial design release, or upon design changes. These parameters are guaranteed by characterization based upon data 
from multiple production runs which reflect lot to lot and within lot variation. 


2. Full Power Bandwidth guarantee based on Slew Rate measurement using FPBW = Slew Rate/(2nVpe ax). 
3. Quiescent Power Consumption based upon Quiescent Supply Current test maximum. (No load on outputs.) 


4. Measured between 10% and 90% points. 


TABLE 4. ELECTRICAL TEST REQUIREMENTS 


MIL-STD-883 TEST REQUIREMENTS SUBGROUPS (SEE TABLES 1 & 2) 


* PDA applies to Subgroup 1 only. 
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Test Circuit (Applies To Table 1) 


200 1.8K 
ACQUT 
> V1 
50pF* Sy 
* INCLUDES STRAY FOR LOOP STABILITY, 
CAPACITANCES USE MIN VALUE CAPACITOR 
TO PREVENT OSCILLATION 
500K 
OPEN 20 1 S4 ie re 
So 1 
S8 
neg eS g7 OPEN, : > 
: : 1 
OPEN 20 Fy | oe V 
10K : a} 
vas 2K 10K 
0.1 | 1 - VEE 
100} 2100 50 > 
Eout 
y|d vv 
ry n2 93 
1 
marae ALL RESISTORS = + 1% (9) 


ALL CAPACITORS = + 10% ( p/F) 
ONE OF TWO TEST LOOPS FOR THE HA - 5112/ 883 DUT DUT = 1/2 OF HA - 5112/ 883 


Test Waveforms 
SIMPLIFIED TEST CIRCUIT (Applies To Table 3) 


VACIN 


VACouT 


SLEW RATE WAVEFORM TRANSIENT RESPONSE WAVEFORM 
+ 0.5V — —— + 0.5V + 20mV ov 
INPUT sii 
- 0.5V - 0.5V Ov - 20mV 
ee Se 
+ 200mV ~— —— FP Na meer — — — 


OUTPUT | 
ia rect 
l 


———— + V 
AV OUTPUT Av OV | 
| —=» '=— RISE TIME 
- 5V - 5V 
bs 1 oa 
S.R 


_ av 
ieee << 


NOTE: Measured on both positive and negative transitions. 
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Burn-In Circuits 


HA7-5112/883 CERAMIC DIP 


HA4-5112/883 CERAMIC LCC 


OP AMPs & 
COMPARATORS 


HA2-5112/883 (TO-99) METAL CAN 


NOTES: 

Ry = 10k, +5%, 1/4W (Min) 

Ro = Rg = 1k, +5%, 1/4W (Min) 

C1 = Co = 0.01 p1F/Socket (Min) or 0.1 )F/Row, (Min) 
Dy = Do = IN4002 or Equivalent/Board 

| (v+) - (v-) |= 30V 
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Schematic Diagram (2 HA-5112/883) 


ae Sie ae ie aR Me 


QNI17 


R9 
110 


OUTPUT 


ONE OF TWO AMPLIFIERS - INPUT it 
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Die Characteristics 


DIE DIMENSIONS: GLASSIVATION: 
98.4 x 67.3 x 19 mils Type: Nitride 
(2500 x 1710 x 483 um) Thickness: 7kA + 0.7kA 
METALLIZATION: TRANSISTOR COUNT: 93 
Mie: fala oh PROCESS: HFSB Linear Dielectric Isolation 
Se ae 7 DIE ATTACH: 
WORST CASE patria DENSITY: Material: Gold/Silicon Eutectic Alloy 
1.43 x 10°A/cm< at 10mA Temperature: Ceramic DIP — 460°C (Max) 
SUBSTRATE POTENTIAL (POWERED UP): Ceramic LCC — 420°C (Max) 
Unbiased Metal Can — 420°C (Max) 


Metallization Mask Layout 
HA-5112/883 


¥- +IN1 ~IN1 OUT 1 


i (© Poliiile pelle Us pe x 
ML 0306 108R HA-G112 AZOBIL 26 

= 

$3 

rs} 


| 


5 adhe fs obs off of <= 
Eee 


+IN2 -IN2 OUT 2 V+ 


NOTE: Pir, Numbers Correspond to Mini-DIP and Metal Can Packages Only. 
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Packaging + 
8 PIN CERAMIC DIP 


LEAD MATERIAL: Type B 
se ae es LEAD FINISH: Type A 
: PACKAGE MATERIAL: Ceramic, 90% Alumina 
PACKAGE SEAL: 
Material: Glass Frit 
Temperature: 450°C + 10°C 
Method: Furnace Seal 


.290 


.310 
iC INTERNAL LEAD WIRE: 
~a/ .008 * . 
— “015, se Material: Aluminum 
Diameter: 1.25 Mil 
Es * INCREASE MAX LIMIT BY .003 INCHES Bonding Method: Ultrasonic 
eae MEASURED AT CENTER OF FLAT FOR COMPLIANT OUTLINE: 38510 D-4 


-065 SOLDER FINISH 


20 PAD CERAMIC LCC 


PAD MATERIAL: Type C 
PAD FINISH: Type A 
FINISH DIMENSION: Type A 
PACKAGE MATERIAL: Ceramic, 90% Alg03 
PACKAGE SEAL: 
Material: Gold/Tin (80/20) 
Temperature: 320°C + 10°C 
Method: Furnace Braze 
INTERNAL LEAD WIRE: 
Material: Aluminum 
Diameter: 1.25 Mil 
Bonding Method: Ultrasonic 
COMPLIANT OUTLINE: 38510 C-2 


8 PIN TO-99 METAL CAN 


505 LEAD MATERIAL: Type A 
560 LEAD FINISH: Type C 
PACKAGE MATERIAL: Kovar Header with 
010 Nickel Can 


045 PACKAGE SEAL: 


Material: No Seal Material 

Temperature: Room Temperature 

Method: Resistance Weld 
INTERNAL LEAD WIRE: 

Material: Aluminum 

Diameter: 1.25 Mil 

Bonding Method: Ultrasonic Bonded 
COMPLIANT OUTLINE: 38510 A-1 


210 


*Dimension Maximum Limits Are Increased by 0.003 inches for Solder Dip Finish 


NOTE: All Dimensions are 


_ , Dimensions are in inches. T Mil-M-38510 Compliant Materials, Finishes, and Dimensions. 
ax 
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DESIGN INFORMATION Dual, Low Noise, High Performance 
Uncompensated Operational Amplifier 


The information contained in this section has been developed through characterization by Harris Semiconductor and is for 
use as application and design aid only. These characteristics are not 100% tested and no product guarantee is implied. 


Typical Performance Curves Unless Otherwise Specified: Ta = +25°C, VgupPLy = +15V 


INPUT NOISE VOLTAGE DENSITY INPUT NOISE CURRENT DENSITY 
Voc = £15V, Ta = +25°C Voc = £15V, Ta = +25°C 


~ 10 

=> oft coe eet ere eet tear meas 

e 2 0 
z = 10 SS 
> cE et 
= © eet sett 
= 3 a 
z reeeeg NS 
iis fe) ———e —— Pe — 
S = ERS 
2 ttt tii TT Ee 

2, LO COT 

1 10 100 1K 10K 100K 
" 190 - FREQUENCY (Hz) 
FREQUENCY (Hz) 
0.1Hz TO 10Hz NOISE 0.1Hz TO 1MHz NOISE 
Voc = +15V, Ta = +25°C Voc = +15V, Ta = +259C 
50uV/Div., 1s/Div., Ay = 1000V/V 500uV/Div., 1s/Div., Ay = 1000V/V 


Input Noise = 0.232yuVp-p Total Output Noise = 2.075uVp-p 


* 
eS 
e 
3 
= 
> 


Se Ses eS Se ese 2 Ss ee a 
ae IR BS (SE (GO Det SG DS EE 
peso ee tt ot te Po 
i re a ee ec Osa = 
QP mk a 1 eC ¢ 
co em ak SBE RTM LW sD ar 5 SREY ES | RA Pes = 
RS we wae es SN ea OS OS os Ge Be os = 
2. eet 2 
eg Ba ea a Es 
mm Ne ee, ca a SW A 3 
et ee oe et eat | a 
eae oe et eee i 2 
a ha OS RE MS CS Ss SS Ska us 
Bo PCr Pant eee ere i er © 
Sag eda Yo se ah i A gS, RS 5 
oS Cre ee ke ee Le = 
Thi tee cho, eee a! 
SES 8 LSE se 
ie DRS a OS RES RG OSS OS Se 
PA i Bes ss Ns a Sn 


-60 -40 -20 0 20 40 60 80 100 = 120 60 -40 -20 0 20 40 60 80 100 =120 
TEMPERATURE (°C) TEMPERATURE (°C) 
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HA-5112 
DESIGN INFORMATION (continuea) 


The information contained in this section has been developed through characterization by Harris Semiconductor and is for 
use as application and design aid only. These characteristics are not 100% tested and no product guarantee is implied. 


Typical Performance Curves unless Otherwise Specified: Ta = +25°C, VsyppLy = +75V 


Vio vs. Voc IBIAS VS. TEMPERATURE 
Ta = +25°C Voc = +15V 


OFFSET VOLTAGE (mv) 


0 2 4 8 ote A 1 18 60 40 -20 O08 2 44 68 80 100 120 


SUPPLY VOLTAGE (+/-V) : TEMPERATURE (°C) 
Avo vs. TEMPERATURE AVoL vs. LOAD RESISTANCE 
VCC = +15V, AVo = +10V, Ry = 2K Vo = £10V, Voc = £15V, Ta = +25°C 


5.5 


OPEN LOOP VOLTAGE GAIN (105v/v) 
OPEN LOOP VOLTAGE GAIN (105v/v) 


LOAD RESISTANCE (Q) 


TEMPERATURE (°C) 


AVOL YS. Vcc Vout Ys: Vec 
Ta = +259C, Rj = 2K Ta = +250C, Ri = 2K 
ie i i Ee a ep SS 
12 
ote it Rane aes a 
wee aes ae a ESeers 
i= BS eee i Sd ae ee Bi ee 
ie a 2 bie is i oe es ed Be 
4 a SSeS ea5 
| A} B17 
a ee ie 2 igi bs 
E : ee ie VA 
x 4 
= 3 
: 
1 
0 ) 
0 2 4 6 8 10 12 14 ia: >" 49 
SUPPLY VOLTAGE (tv) SUPPLY VOLTAGE (+v) 


3-278 


HA-5112 


DESIGN INFORMATION (continuea) 


The information contained in this section has been developed through characterization by Harris Semiconductor and is for 
use as application and design aid only. These characteristics are not 100% tested and no product guarantee is implied. 


Typical Performance Curves unless Otherwise Specified: Ta = +25°C, VsuPPLy = £15V 


OUTPUT SHORT-CIRCUIT CURRENT vs. TIME 
Voc = £15V, Ta = +25°C CMRR vs. FREQUENCY 


-40 


OUTPUT CURRENT (mA) 


CMRR (dB) 


0 50 100 150 200 250 300 350 400 450 
TIME (SECONDS) 


eam Beet 
Patil see 
400 TE 


10K 100K 1M 


CHANNEL SEPARATION vs. FREQUENCY 
PSRR vs. FREQUENCY 10Hz < f < 10MHz 
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POWER SUPPLY REJECTION (dB) 
CHANNEL SEPARATION (dB) 
s ' 
a 
a 


he te 

Pe Ct 

ai ae ae Ht 

ae lll 

400 Semen 
1K 


10 100 1K 10K 100K 1M 10M 
Tek 1 ’ FREQUENCY (Hz) 
FREQUENCY (Hz) 
HA-5112 FREQUENCY RESPONSE ' OPEN-LOOP GAIN vs. FREQUENCY 
AVCL = 10, Ta = +25°C, RL = 2K, CL = 5OpF Voc = +15V, RL = 2K, CL = 50pF, Ta = +25°C 


20 S 80 "Se 
“ Sting = CCHIT STP cam (EL TE 
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3-279 


HA-5112 


DESIG N IN FO RMATIO N (Continued) 


The information contained in this section has been developed through characterization by Harris Semiconductor and is for 
useé as application and design aid only. These characteristics are not 100% tested and no product guarantee is implied. 


Typical Performance C UrVES Unless Otherwise Specified: Ta = +25°C, VSUPPLY = +15V 


SLEW RATE vs. TEMPERATURE RISE TIME vs. TEMPERATURE 
Ri = 2K, CL = 50pF, Voc = +15V Ri = 2K, CL = 50pF, Voc = +15V 


AE Ae MUTT 
0 0 100 120 20 40 60 80 100 120 


20 40 60 80 
TEMPERATURE (0¢) TEMPERATURE (0C) 


0.9 0.9 


SLEW RATE (NORMALIZED) 
RISE TIME (NORMALIZED) 


0.7 0.7 


SMALL SIGNAL OVERSHOOT vs. CLOAD loc vs. Vcc 
Ri = 2K, Ta = +259C, Voc = +15V Ta = +259C, loyt = OmA 


6 8 10 12 14 16 18 


SUPPLY VOLTAGE (tv) 


OVERSHOOT (%) 


LOAD CAPACITANCE (pF) 


SUPPLY CURRENT (mA) 


LARGE SIGNAL RESPONSE SMALL SIGNAL RESPONSE 
VouT = +3V, Ay = 10, RL = 2K, CL = 50pF VOUT = OV to -200mV for Fall Time & -Overshoot 


Input = 500mV/Div., Output = 2V/Div., Timescale = 200ns/Div. Ay = 10, Ri = 2K, Cy. = 50pF, Timescale = 50ns/Div. 


0% te 


OUTPUT 


OUTPUT 100% 


SOGay 
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DESIGN INFORMATION (Continued) 


The intormation contained in this section has been developed through characterization by Harris Semiconductor and is for use 
as application and design aid only. These characteristics are not 100% tested and no product guarantee is implied. 


TYPICAL PERFORMANCE CHARACTERISTICS 


Device Characterized at: Supply Voltage = +15V, RL = 2k, Cy = 50pF, AycL = 10V/V Unless Otherwise Specified. 
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Minimum Supply Voltage Functional Operation Only, +25°9C +4 V 
Other Parameters Will Vary 
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i HARRIS 


HA-5114/883 | 


Low Noise, High Performance 


January 1989 Operational Amplifier 


Features 


© This Circuit is Processed in Accordance to Mil-Std- 
883 and is Fully Conformant Under the Provisions of 
Paragraph 1.2.1. 


© Low Input Noise Voltage Density @ 1kHz. . 6nV/\/Hz Max 
4.3nV/\/Hz Typ 


12V/us Min 
20V/us Typ 


¢ Wide Gain Bandwidth Product (Ayc_ > 10) .. 6OMHz Typ 


¢ High Open Loop Gain (Full Temp) 100kV/V Min 
250kV/V Typ 


86dB Min 
100dB Typ 


3yuV/°C Typ 


¢ High Slew Rate 


¢ High CMRR, PSRR (Full Temp) 


¢ Low Offset Voltage Drift 
® No Crossover Distortion 
e Standard Quad Pinout 


Applications 

© High Quality Audio Preamplifiers 
¢ High Q Active Filters 

¢ Low Noise Function Generators 
¢ Low Distortion Oscillators 

¢ Low Noise Comparators 


Pinouts 


HA1-5114/883 (CERAMIC DIP) 
TOP VIEW 


Description 


Low noise and high performance are key words describing 
the quad, uncompensated HA-5114/883. This general 
purpose amplifier offers an array of dynamic specifications 
including 12V/us slew rate (min), and 6OMHz gain- 
bandwidth-product for Ayo_ >10. Complementing these 
outstanding parameters is a very low noise specification of 
6nV/\/Hz at 1kHz (max). 


Fabricated using the Harris standard high frequency D.I. 
process, these operational amplifiers also offer excellent 
input specifications such as 2.5mV (max) offset voltage and 
75nA (max) offset current. Complementing these specifica- 
tions are 100dB (min) open loop gain and 100 dB channel 
separation (typ). Economically, HA-5114/883 also 
consumes a very modest amount of power (225mW/ 
package), while also saving board space and cost. 


This impressive combination of features make this amplifier 
ideally suited for designs ranging from audio amplifiers and 
active filters to the most demanding signal conditioning and 
instrumentation circuits. 


This quad operational amplifier is available with industry 
standard pinouts allowing for immediate interchangeability 
with most other quad operational amplifiers. The HA-5114 
/883 is available in a 14 pin Ceramic DIP and a 20 pin 
Ceramic LCC package. 


HA4-5114/883 (METAL CAN) 
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Specifications HA-5114/883 


Absolute Maximum Ratings 


Voltage Between V+ and V- Terminals. ..........eeeeeeeeees 40V 
Differential Input Voltage. .... 2.2... cece cece eee eee eeeeees 7V 
Voltage at Either Input Terminal .........-0+0eseeeeeeeee V+ to V- 
Peak Output Current ........ cece cence cence tee eccees Indefinite 

(One Amplifier Shorted to Ground) 
Junction Temperature (Ty) .... 0... cece ee ee eee eee eens +175°9C 
Storage Temperature Range ............-+5+: -65°C to +150°C 
ESD Rating .. 0... s ccc cecccsedseucvassewewccceccsces <2000V 
Lead Temperature (Soldering 10 S€C).......... ee eee eens +275°9C 


CAUTION: Absolute maximum ratings are limiting values, applied 
individually beyond which the serviceability of the circuit may be impaired. 
Functional operability under any of these conditions is not necessarily 
implied. 


Thermal Information 


Thermal Resistance Bia Bic 
Ceramic DIP Package ..........-+e2e0: 78°C/W 189C/W 
Ceramic LCC Package .........sseeee: 76°C/W 3 199C/W 

Package Power Dissipation Limit at +75°C for Ty < +175°C 
Ceramic DIP Package ........ 0 ccc cece cece eee eee eens 1.29mW 
Ceramic LCC Package ........cceeee cee e ence cen vences 1.32W 

Package Power Dissipation Derating Factor Above +75°C 
Ceramic DIP Package .........cccccccecccececces 12.9mW/°C 
CeramiciCC Package . ooo rs. coc ccc c cece eens 13.1mW/°C 


Recommended Operating Conditions 
Operating Temperature Range ...........-+-- -559C to +125°C 


ViNcm < 1/2 (V+ - V-) 


Operating Supply Voltage .........e cece cece eceees +5Vto+15V Ry > 2kN 


TABLE 1. D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 


Device Tested at: Supply Voltage = +15V, RSoURCE = 1009, RLOAD = 500kN, Vout = OV, Unless Otherwise Specified. 


Input Offset Voltage 


Vom = OV 


Vom =0V 
+Rs = 10kN 
-Rs = 1002 


Input Bias Current 


Input Offset Current 


Common Mode Range 


Large Signal Voltage Gain VouT = OV and +10V 


RL = 2kn 


Vout = OV and -10V 
Ru = 2kN 


Common Mode Rejection 
Ratio 


AVcom = -5V 
+V = +20V 
-V =-10V 
VouT = +5V 


GROUP A aa eee 
SUBGROUP | TEMPERATURE | MAX | UNITS 


sees pase ore 2 


aa ee se | ae 
a ee 
a8 [awe [as [ 
mes cl 

a8 [rae | 
— 
Bee 
nana 
} sicstap@. erahod 
ee 


mV 


> 


[56 | +1280¢,-s5°¢ | 10 
ae ea 
Tae | as. 


arma a oA 


kV/V 


kV/V 
kV/V 


CAUTION: This device is sensitive to electrostatic discharge. Proper 1.C. handling procedures should be followed. 
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HA-5114/883 


TABLE 1. D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 
Device Tested at: Supply Voltage = +15V, RSQURCE = 1002, RLOAD = 500kN, VouT = OV, Unless Otherwise Specified. 


9 
al 
reseenesee | 
[as | a 
+125°C, -55°C stag 
eel ae 
[260.50 | 
Ps | 
[aseo.-e6r0 [10 
eae ies 
Hesecse86 | 

ee 

= 

85 


Output Current 


3 


Quiescent Power 
Supply Current 


a ia as 
a i. 


Power Supply 
Rejection Ratio 


AVsup = 10V 
+V = +10V, -V =-15V 
+V = +20V, -V = -15V 


AVsup =10V 
+V = +15V, -V =-10V 
+V = +15V, -V = -20V 


TABLE 2. A.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 
This Table Intentionally Left Blank. See A.C. Parameters on Table 3. 
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HA-5114/883 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


Device Characterized at: Supply Voltage = +15V, RLOAD = 2k, CLoaD = 50PF, AycL = 10V/V Unless Otherwise Specified. 


U 
> 
Ps) 
> 
= 
m 
+ 
m 
ee] 
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= 
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> 
4 
Cc 
Ps) 
m 
co 
= 
+ 
“ 
Cc 
ES 
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Differential Input ka 
Resistance 


2 
fl 


Input Noise Current 


i 
<= 
N 


-55°9C to +125°C Face 


oe ee 


CS 


Channel Separation Rs = 1k, AycL = 100V/V, 
VIN = 100mVpRosg @ 10kHz 


Referred to Input 


Teac 


~ 


NOTES: 1. Parameters listed in Table 3 are controlled via design or process parameters and are not directly tested at final production. These parameters are 
lab characterized upon initial design release, or upon design changes. These parameters are guaranteed by characterization based upon data 
from multiple production runs which reflect lot to lot and within lot variation. 


2. Full Power Bandwidth guarantee based on Slew Rate measurement using FPBW = Slew Rate/(2nVp_e ax). 
3. Quiescent Power Consumption based upon Quiescent Supply Current test maximum. (No load on outputs.) 
4. Measured between 10% and 90% points. 


TABLE 4. ELECTRICAL TEST REQUIREMENTS 


MIL-STD-883 TEST REQUIREMENTS SUBGROUPS (SEE TABLES 1 & 2) 


Interim Electrical Parameters (Pre Burn-in) 
Final Electrical Test Parameters 
[ewmecaoenpine ET 


* PDA applies to Subgroup 1 only. 
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HA-5114/883 


Test Circuit 
200 1.8K 


FOR LOOP STABILITY, 

USE MIN VALUE CAPACITOR 

* INCLUDES STRAY TO PREVENT OSCILLATION 
CAPACITANCES 500K 


OPEN 20 1 S4 x SOK > 
S9 
so 1 1 $5 : OPEN 9S8 


i ae 


100 100 VAC oF Ea 4 VEE 


EB ae eas 


n2 93 
+, 54 ALL RESISTORS = + 1%((9) 


ALL CAPACITORS = + 10% ( JF) 
ONE OF FOUR TEST LOOPS FOR THE HA - 5114/ 883 DUT = 1/4 OF HA - 5114/883 


Test Waveforms 
SIMPLIFIED TEST CIRCUIT (Applies To Table 3) 


VACIN 


VACOuT 


SLEW RATE WAVEFORM TRANSIENT RESPONSE WAVEFORM 


OC. ——= + 0.5 + 20mV OV 
wai! » INPUT 
- 0.5V - 0.5V OV 


__ OVERSHOOT 


+ 200MV —- —— $- -\ fee rr 
+ 5¥—___— BRIGR 
| 
OUTPUT 
Av OUTPUT [ev 7 
10% -— —— 
OV Se. 
- 5V fist ol 
ae a Pei Sel —=, /<— RISE TIME 
AV 
as 


sae) 


NOTE: Measured on both positive and negative transitions. 
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HA-5114/883 


Burn-In Circuits 


HA7-5114/883 CERAMIC DIP 


Ry 
\/ \/ 
+V ye! 
@ @ 
D 
ae 
Ry 
\/ \/ 
fe 
BO 
Oe 
o 
Si 
oS 
O96 
©) 
HA4-5114/883 CERAMIC LCC 
\/ 2 eae 
e s 
+V Co shi 
\/ \/ 


NOTES: 

Ry = 1k, 5%, 1/4W (Per Socket) (Min) 

Ro = 10kQ, 5%, 1/4W/Socket (Min) 

C3 = Co = 0.01pF/Socket (Min) or 0.1F/Row (Min) 
D; = Do = IN4002 or Equivalent (Per Board) 

| (V+) - (V-) |= 30v 
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Schematic Diagram 


TO CHANNELS 2, 3, 4 


ONE OF FOUR AMPLIFIERS 


HA-5114/883 


(Y%4 HA-5114/883) 


Pe | pie ge 


cm” = 
QP27 
R2B 
5K 
QP8 
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HA-5114/883 


Die Characteristics 


DIE DIMENSIONS: GLASSIVATION: 
99.6 x 95.3 x 19 mils Type: Nitride 
(2530 x 2420 x 483 um) Thickness: 7kA + 0.7kA 
METALLIZATION: TRANSISTOR COUNT: 175 
ian facts wit PROCESS: HFSB Linear Dielectric Isolation 
plone = DIE ATTACH: 
WORST ooo re sy <a8 DENSITY: Material: Gold/Silicon Eutectic Alloy 
1.43 x 10°A/cm< at 10mA Temperature: Ceramic DIP — 460°C (Max) 
SUBSTRATE POTENTIAL (POWERED UP): Ceramic LCC — 420°C (Max) 
Unbiased 


Metallization Mask Layout 
HA-5114/883 


HA-G114 AIOE2Z2 


-IN2 -IN1 


OP AMPs & 
COMPARATORS 


OUT 2 OUT 1 


OUT 3 OUT 4 


-IN3 ~IN4 


eee ttt 


+IN3 V- +IN4 


NOTE: Pad Numbers Correspond to 14 Lead Ceramic DIIP Package Only. 
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Packaging* 
14 PIN CERAMIC DIP 
le Sa 
.785 140, 
.005 MIN 170 
200 as 
. Hs t 
2015 | .150 MIN 
060 0° 
125, .098 MAX 1s 
.023 : 
.050 
“065 * INCREASE MAX LIMIT BY .003 INCHES 
MEASURED AT CENTER OF FLAT FOR 
SOLDER FINISH 
LEAD MATERIAL: Type B INTERNAL LEAD WIRE: 
LEAD FINISH: Type A Material: Aluminum 
PACKAGE MATERIAL: Ceramic, 90% Alumina Diameter: 1.25 Mil 
PACKAGE SEAL: Bonding Method: Ultrasonic 
Material: Glass Frit COMPLIANT OUTLINE: 38510 D-1 


Temperature: 450°C + 10°C 
Method: Furnace Seal 


20 PAD CERAMIC LCC 


003 075 


PAD MATERIAL: Type C INTERNAL LEAD WIRE: 

PAD FINISH: Type A Material: Aluminum 

FINISH DIMENSION: Type A Diameter: 1.25 Mil 

PACKAGE MATERIAL: Multilayer Ceramic, 90% Alumina Bonding Method: Ultrasonic 
PACKAGE SEAL: COMPLIANT OUTLINE: 38510 C-2 


Material: Gold/Tin (80/20) 
Temperature: 320°C + 10°C 
Method: Furnace Braze 


, Dimensions are in inches. t Mil-M-38510 Compliant Materials, Finishes, and Dimensions. 
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DESIGN INFORMATION 


The information contained in this section has been developed through characterization by Harris Semiconductor and is for 
use as application and design aid only. These characteristics are not 100% tested and no product guarantee is implied. 


Typical Performance Curves Unless Otherwise Specified: Ta = +25°C, Vgyppiy = +15V 


INPUT OFFSET VOLTAGE (mV) 


INPUT NOISE VOLTAGE DENSITY 
Voc = £15V, Ta = +259C 


Hz) 


NOISE VOLTAGE (nv//H 


FREQUENCY (Hz) 


0.1Hz TO 10Hz NOISE 
Voc = +15V, Ta = +25°C 
50uV/Div., 1s/Div., Ay = 1000V/V 
Input Noise = 0.232uVp-p 
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INPUT NOISE CURRENT (pA/ VHz) 


INPUT OFFSET CURRENT (nA) 
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INPUT NOISE CURRENT DENSITY 
Voc = +£15V, Ta = +259C 
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Low Noise, High Performance 
Operational Amplifier 
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DESIGN IN FO RMATION (Continued) 


The information contained in this section has been developed through characterization by Harris Semiconductor and is for 
use as application and design aid only. These characteristics are not 100% tested and no product guarantee is implied. 


Typical Performance Curves Unless Otherwise Specified: Ta = +25°C, VsyuppLy = +15V 


OPEN LOOP GAIN (kV/V) 


OPEN LOOP VOLTAGE GAIN (105V/v) 


15 


OFFSET VOLTAGE (mv) 
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Vio vs. Vec 
Ta = +25°C 
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SUPPLY VOLTAGE (+/-V) 


AvVoL vs. TEMPERATURE 
VCC = +15V, AVo = +£10V, Ry = 2kN 
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AvoL Vs: Vcc 
Ta = +25°C, Rr = 2kN 
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MAX OUTPUT SWING (tV) 


IBIAS VS. TEMPERATURE 
Voc = +15V 


-60 -40 -20 0 20 40 60 80 100 §=120 
TEMPERATURE (°C) 


AvoL vs. LOAD RESISTANCE 
Vo = +10V, Voc = +15V, Ta = +25°9C 


OPEN LOOP VOLTAGE GAIN (105V/v) 


LOAD RESISTANCE ({)) 


Vout Ys: Voc 
Ta = +25°C, RL = 2kN 
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DESIGN INFORMATION (continuea) 


The information contained in this section has been developed through characterization by Harris Semiconductor and is for 
use as application and design aid only. These characteristics are not 100% tested and no product guarantee is implied. 
Typical Performance Curves Unless Otherwise Specified: Ta = +25°C, VsupPLy = +15V 


OUTPUT SHORT-CIRCUIT CURRENT vs. TIME 
Voc = +15V, Ta = +25°C CMRR vs. FREQUENCY 
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CHANNEL SEPARATION vs. FREQUENCY 
PSRR vs. FREQUENCY 10Hz < f < 10MHz 
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AVCL = 10, Ta = +259C, RL = 2k, CL = SOpF Voc = +£15V, RL = 2k, CL = 50pF, Ta = +25°9C 
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DESIGN INFORMATION (Continued) 


The information contained in this section has been developed through characterization by Harris Semiconductor and is for 
use as application and design aid only. These characteristics are not 100% tested and no product guarantee is implied. 


Typical Performance Curves unless Otherwise Specified: Ta = +25°C, VsyppLy = +15V 


SLEW RATE vs. TEMPERATURE RISE TIME vs. TEMPERATURE 
Ri = 2K, CL = 50pF, Voc = +15V Ri = 2K, CL = 50pF, Voc = +15V 
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VouT = +3V, Ay = +10, Ru = 2k, Cy = 50pF VouT = OV to +200mV for Rise Time & +Overshoot 
Input = 500mV/Div., Output = 2V/Div., Timescale = 200ns/Div. Ay = +10, RL = 2k, Cy = 50pF, Timescale = 50ns/Div. 
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DESIGN INFO RMATION (Continued) 


The information contained in this section has been developed through characterization by Harris Semiconductor and is for use 
as application and design aid only. These characteristics are not 100% tested and no product guarantee is implied. 


TYPICAL PERFORMANCE CHARACTERISTICS 
Device Characterized at: Supply Voltage = +15V, RL = 2k, C_ = 50pF, Ayc_ = 10V/V Unless Otherwise Specified. 
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Differential Input Resistance 


Input Noise Voltage Density 


Input Noise Current Density 
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[OutputResistance =| Opentoop =| test || Table 


Minimum Supply Voltage Functional Operation Only, +25°9C 
Other Parameters Will Vary 
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HA-512 7/883 


Ultra-Low Noise, Precision 


January 1989 Operational Amplifier 


Features 


¢ This Circuit is Processed in Accordance to Mil-Std- 
883 and is Fully Conformant Under the Provisions of 
Paragraph 1.2.1. 


e High Slew Rate 
e Wide Unity Gain Bandwidth 
e Low Noise Voltage (@ 1kHz) 


7V/us (Min) 

5MHz (Min) 
4.5nV/\/ Hz (Max) 
100uV (Max) 

e Low Offset Drift With Temperature .. 1.8yV/°C (Max) 
e High CMRR 100dB (Min) 
700kV/V (Min) 


e Low Offset Voltage 


e High Voltage Gain 


Applications 


e High Speed Signal Conditioners 

¢ Wide Bandwidth Instrumentation Amplifiers 
¢ Low Level Transducer Amplifiers 

e Fast, Low Level Voltage Comparators 

¢ Highest Quality Audio Preamplifiers 

e Pulse/RF Amplifiers 


Pinouts 


HA7-5127/883 (CERAMIC MINI-DIP) 
TOP VIEW 


HA4-5127/883 (CERAMIC LCC) 
TOP VIEW 


Description 


The HA-5127/883 monolithic operational amplifier features 
an excellent combination of precision D.C. and wideband 
high speed characteristics. Utilizing the Harris D.I. 
technology and advanced processing techniques, this 
unique design unites low noise precision instrumentation 
performance with high speed, wideband capability. 


This amplifier’s impressive list of features include low Vos, 
wide gain-bandwidth, high open loop gain, and high 
CMRR. Additionally, this flexible device operates over a 
wide supply range while consuming only 120mW of 
power. 


Using the HA-5127/883 allows designers to minimize 
errors while maximizing speed and bandwidth. 


This device is ideally suited for low level transducer signal 
amplifer circuits. Other applications which can _ utilize 
the HA-5127/883’s qualities include instrumentation 
amplifiers, pulse or RF amplifiers, audio preamplifiers, and 
signal conditioning circuits. 


This device can easily be used as a design enhancement by 
directly replacing the 725, OP-25, OP-06, OP-07, OP-27 
and OP-37. The HA-5127/883 is available in TO-99 Metal 
Can, Ceramic 8 Pin Mini-DIP, and 20 Pin LCC packages. 


HA2-5127/883 (METAL CAN) 
TOP VIEW 


V - (CASE) 
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Specifications HA-5127/883 


Absolute Maximum Ratings Thermal information 

Voltage Between V+ and V- Terminals...........seeee eens 44V Thermal Resistance Gia Bic 
Differential Input Voltage (Note 6) .. 1... cece eee ee ee eee eeees 0.7V Ceramic DIP Package .........eseeeeee 829C/W 25°9C/W 
Voltage at Either Input Terminal ..........0ee eee e eee enee V+ to V- Ceramic LCC Package ...........eee0. 849C/W = 259C/W 
PAU CUO RE sinaes bas agus | ecnwieee eegal ewes 1a gabreren 25mA Metal Can Package ..ci. ccc snencacesses 989°C/W 30°C/W 
Differential Output Current........... Full Short Circuit Protection Package Power Dissipation Limit at +75°C for Ty < +1759C 
Junction Temperature (Ty)... 6. cece eee e cece eee ee eens +175°C Caramle DIP Bee GG 6 so aay cies wet toes esta oxt ewes nied 1.22W 
Storage Temperature Range ........e.eeeeeee -65°C to +150°C CarmiGlCe FPacraoe cic ic cnn ads ns ods ces cevaweaean 1.19W 
BOE) PRIN ick oi octane coe tae he ts vies eRe red binds v aeae < 2000V Metal. Car PaGuage ocak sc cnccs caddauueceton eecanesesn’ 1.02W 
Lead Temperature (Soldering 10 SEC)... 1... cece cece eee +275°9C Package Power Dissipation Derating Factor Above +75°9C 
CAUTION: Absolute maximum ratings are limiting values, applied Ceramic DIP Package ... se eeeeeeee eee eeeeeeees 12,.2mW/°C 
individually beyond which the serviceability of the circuit may be impaired. Ceramic LCC Package ....... sees ee eee eeeeeeees 11.9mW/°C 
Functional operability under any of these conditions is not necessarily Metal Can Package .......ccccccccccsccccetececs 10.2mW/°C 
implied. 

Recommended Operating Conditions 

Operating Temperature Range ..........eee0- -55°C to+125°C =9ViNcm X< 1/2 (V+ - V-) 

Operating Supply Voltage ......cccccccecccencncenncceees +15V Ry, > 600N 


TABLE 1. D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 
Device Tested at: Supply Voltage = +15V, RSoURCE = 502, RLOAD = 100k, Vout = OV, Unless Otherwise Specified. 


”) 

L 
D.C. GROUP A ptiwirs | aH 
PARAMETERS SYMBOL | CONDITIONS SUBGROUP | TEMPERATURE ra Te UNITS gt 
So 
Input Offset Voltage Vom =0V Poe 4 veoh +250C oo 
ae 
Ce realy 


input Bias Current 


— ee ieee pea Ge bit 


ee P= Pe 
ee ee os 
pepe camer we [Po 
pres | aeoetemateny fe 
a ee 
xm 


Input Offset Current 


vonaa we - fo [oe 
Rg = 10k, 502 


Common Mode Range 


V+ = 25.3V 
V-=-4.7V 


Large Signal Voltage Gain Vout = OV and +10V 


Ry = 2k 


= OV and -10V 


VOUT = 
RL = 2kn 


Common Mode Rejection 
Ratio 


+CMRR 


CAUTION: This device is sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
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HA-5127/883 


TABLE 1. D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 
Device Tested at: Supply Voltage = +15V, RSoURCE = 502, RLOAD = 100k, VoyT = OV, Unless Otherwise Specified. 


D.C. PARAMETERS SYMBOL kee TEMPERATURE 
Output Voltage Swing +VouTi | RL =2kn 


ere 

[a6 [ a 6596_ 
wake oe 
Ce Ee 
a 
Pape] 
eT ae 
ae ee 
Pas [aso 28 
‘elas SES 
— 
a 
ae, 
eae 
ia 
eat 
| ee 
aa Ea 


LIMITS 


3 


GROUP A 
SUBGROUP 


UNITS 


~S10 
-11.5 


Output Current 


-16.5 mA 


Quiescent Power 
Supply Current 


> 


>| > 


a 
eee 


> 


Power Supply 
Rejection Ratio 


Offset Voltage 
Adjustment 


+ViQAdj V 


3 


I 
ee 


AVsup = 13.5V +1250°C, -55°C 


TABLE 2. A.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 


< 


m 


Device Tested at: Supply Voltage = +15V, RSQURCE = 502, RLOAD = 2k, CLoAD =50pF, AycL = +1VW/V, 
Unless Otherwise Specified. 


GROUP A 
PARAMETERS SYMBOL SUBGROUP | TEMPERATURE 
Rise & Fall Time TR VoutT = 0 to +200mV 7 +25°9C 
10% <TR < 90% 
TF VouT = 0 to -200mV Ff 
10% < TF <90% 


Overshoot 


VouT = 0 to +200mV 
ou 
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HA-5127/883 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 
Device Characterized at: Supply Voltage = +15V, RLOAD = 2k, CLOAD = 5OPF, Ay = +1V/V, Unless Otherwise Specified. 


LIMITS 

PARAMETERS SYMBOL CONDITIONS NOTES | TEMPERATURE | MIN: | MAX | UNITS 
Average Offset VioTC Vom = OV 1 -559C to +125°C yV/°C 
Voltage Drift 
Differential Input Vom = OV +25°9C 
Resistance 
Low Frequency 1 +25°9C UVp-p 
Peak-to-Peak Noise 


0.1Hz to 10Hz 
Density 


Density 


Vo = 100mV 


Minimum Closed Loop CLSG Ru = 2kQ, Cy = 50pF 


NOTES: 1. Parameters listed in Table 3 are controlled via design or process parameters and are not directly tested at final production. These parameters are 
lab characterized upon initial design release, or upon design changes. These parameters are guaranteed by characterization based upon data 
from multiple production runs which reflect lot to lot and within lot variation. 


. Full Power Bandwidth guarantee based on Slew Rate measurement using FPBW = Slew Rate/(2nVpe a). 
. Quiescent Power Consumption based upon Quiescent Supply Current test maximum. (No load on outputs.) 


. Input Noise Voltage Density and Input Noise Current Density is sample tested on every lot. 


a + © ND 


. Offset adjustment range is [ Vig (Measured) + 1MV ] minimum referred to output. 
This test is for functionality only to assure adjustment through OV. 


6. For differential input voltages greater than 0.7V, the input current must be limited to 25mA to protect 
the back-to-back input diodes. 


TABLE 4. ELECTRICAL TEST REQUIREMENTS 


Group A Test Requirements 1, 2,3, 4, 5,6, 7 


* PDA applies to Subgroup 1 only. 


The Subgroup assignments of the parameters in these tables were patterned after Mil-M-38510/135, 
with the exception of Vio, which is Subgroups 1, 2, and 3. 
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OP AMPs & 
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HA-5127/883 


Test Circuit (Applies to Tables 1 and 2) 


ALL RESISTORS = + 1% (2) 
ALL CAPACITORS = + 10% (uF) 


*INCLUDES STRAY 
CAPACITANCE 
FOR LOOP STABILITY, 
USE MIN VALUE CAPACITOR 
TO PREVENT OSCILLATION 


For Op-Amp Test Circuits and Conditions, Refer to the Harris Tech Brief “HA-5127 Op-Amp Test Methods”. 


Test Waveforms 
SIMPLIFIED TEST CIRCUIT (Applies to Table 2) 


V+ 
Vac IN VacOUT 


502. 2kN 50pF 


SLEW RATE WAVEFORM 


+ 3.0V + 3.0V + 3.0V 
INPUT 
- 3.0V - 3.0V - 3.0V 
+ SR -SR 
TRANSIENT RESPONSE WAVEFORM 
+ 200mV OV 
INPUT 
OV - 200mV 
TR,t+ OS Ip, -Gs 


NOTE: Measured on Both positive and negative transitions. 
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HA-5127/883 


Burn-In Circuits 


HA7-5127/883 CERAMIC DIP 


OP AMPs & 
COMPARATORS 


sa re rea re1 6-4 
9! 40! 1! 2! 13! 


r 
' 


NOTES: 

Ry = R3 = 1kQ +5%, 1/4W (Min) 

Ro = 10kN +5%, 1/4W (Min) 

C1 = Co = 0.011F/ per Socket (Min) or 0.1 uF/per Row (Min) 
Dz = Do = IN4002 or Equivalent/Board 

| (V+) - (V-) |= 30V 
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Schematic Diagram 


A 


| 1 | BALANCE ———+| | 


R16 R20 
QP35 aP43 


a} 


R16 
QP37 fe 
5c a a 
FS ESS FEE PEs: PK 


ca (Gin gem:. 


+INPUT 


-INPUT 
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Die Characteristics 


DIE DIMENSIONS: GLASSIVATION: 
104.3 x 65 x 19 mils Type: Silox 
(2650 x 1650 x 483 pm) Thickness: 7kA + 0.7kA 
METALLIZATION: TRANSISTOR COUNT: 63 
Type: Aluminum PROCESS: HFHB Bipolar Dielectric Isolation 
Thickness: 16kA + 2kA DIE ATTACH: 


Material: Gold/Silicon Eutectic Alloy 

Temperature: Ceramic DIP — 460°C (Max) 
Ceramic LCC — 420°C (Max) 
Metal Can — 420°9C (Max) 


WORST CASE CURRENT DENSITY: 
3.6 x 105A/cm2 @15mA 
This device meets Glassivation Integrity Test 
requirement per Mil-Std-883 Method 2021 and 
Mil-M-38510 paragraph 3.5.5.4. 


SUBSTRATE POTENTIAL (Powered Up): V- 


Metallization Mask Layout 
HA-5127/883 
BAL V+ OUTPUT N/C 


OP AMPs & 
COMPARATORS 


| 

| 

| 

| 
— 


NOTE: Pin Numbers Correspond to 8 Pin Metal Can and Mini-DIP Package Only. 
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Packaging * 


8 PIN CERAMIC DIP 


79 


395 140 245 
.005 MIN 160 .265 | 


.015 150 MIN .290 
060 : 310 - 
125 .055 MAX ~~, .008* 5" 
.180 * .100 .015 
016 Lad 
.023 
050* * INCREASE MAX LIMIT BY .003 INCHES 
eee MEASURED AT CENTER OF FLAT FOR 
-065 SOLDER FINISH 


20 PAD CERAMIC LCC 


8 PIN TO-99 METAL CAN 


505 
-560 


10 
045 


335.321 
370.325 


Like 


*Dimension Maximum Limits Are Increased by 0.003 inches for Solder Dip Finish 


210 


NOTE: All Dimensions are ll , Dimensions are in inches. 
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LEAD MATERIAL: Type B 
LEAD FINISH: Type A 
PACKAGE MATERIAL: Ceramic, 90% Alumina 
PACKAGE SEAL: 

Material: Glass Frit 

Temperature: 450°C + 10°C 

Method: Furnace Seal 
INTERNAL LEAD WIRE: 

Material: Aluminum 

Diameter: 1.25 Mil 

Bonding Method: Ultrasonic 
COMPLIANT OUTLINE: 38510 D-4 


PAD MATERIAL: Type C 
PAD FINISH: Type A 
FINISH DIMENSION: Type A 
PACKAGE MATERIAL: Ceramic, 90% Al203 
PACKAGE SEAL: 
Material: Gold/Tin (80/20) 
Temperature: 320°C + 10°C 
Method: Furnace Braze 
INTERNAL LEAD WIRE: 
Material: Aluminum 
Diameter: 1.25 Mil 
Bonding Method: Ultrasonic 
COMPLIANT OUTLINE: 38510 C-2 


LEAD MATERIAL: Type A 
LEAD FINISH: Type C 
PACKAGE MATERIAL: Kovar Header with 
Nickel Can 
PACKAGE SEAL: 
Material: No Seal Material 
Temperature: Room Temperature 
Method: Resistance Weld 
INTERNAL LEAD WIRE: 
Material: Aluminum 
Diameter: 1.25 Mil 
Bonding Method: Ultrasonic Bonded 
COMPLIANT OUTLINE: 38510 A-1 


t Mil-M-38510 Compliant Materials, Finishes, and Dimensions. 


GW) HARRIS HA-5127 


DESIGN INFORMATION Ultra-Low Noise, Precision 
Operational Amplifier 


The information contained in this section has been developed through characterization by Harris Semiconductor and is for 
use as application and design aid only. These characteristics are not 100% tested and no product guarantee is implied. 


Typical Performance Curves Unless Otherwise Specified: Ta = +25°C, VguppLy = +15V 
OFFSET VOLTAGE TYPICAL DRIFT vs. TEMPERATURE NOISE CHARACTERISTICS 


12 

GR ETT 2 «(bec Lb 
Ta = +250C 

BB SU02R0 0000000008 Wiiirina 


COPS AVI 
CHEE BEE VI 


: PELE EHEC ml rT TTT 
HH Ht PNET ll 
sail bee ron oh 
Cail ia 
CHES Pith | i HHL 
a * 
° . EL =i 


100 


OFFSET IN MICROVOLTS 


VOLTAGE NOISE nV/VHz 
CURRENT NOISE pA/VHz 


OP AMPs & 
COMPARATORS 


TEMPERATURE (°C) 


100 10K 100K 
FREQUENCY - Hz 


NOISE vs. SUPPLY VOLTAGE CMRR vs. FREQUENCY 


ag 
CPSC 
COOOL Tet 
CTT TY UY SUE 
Se TES TPs a 
COCCI CoP Sg 
10 10M 


dnecbee? (Hz) 


Eidniahe ial 
TTT 


INPUT NOISE VOLTAGE (uV p-p) 
CMRR (dB) 


SUPPLY VOLTAGE (+VOLTS D.C.) 


OFFSET VOLTAGE DRIFT vs. TIME Ayo. AND Vout vs. LOAD RESISTANCE 


Ltn este tf | +} AvOL 
Ta= + 45°C on ee 


iMennn™ 


nine 
TN 


AVOL (100KV/V)AND Vgyt(VOLTS) 


LOA 
EET EL 


aed 


LOAD RESISTANCE (Kohms) 
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HA-5127 


DESIGN INFORMATION (continuea) 


The information contained in this section has been developed through characterization by Harris Semiconductor and is for 
use as application and design aid only. These characteristics are not 100% tested and no product guarantee is implied. 


Typical Performance Curves unless Otherwise Specified: Ta = +25°C, Vgyppiy = +15V 


PSRR vs. FREQUENCY 


er 
PL TSS EP 

P| INS ET TUT 
Ge eee No 
CET TET UU "NONE TU 
CCCI NTT 
SLUT TET PA Pt PN) 


100K 
annanies (Hz) 


CLOSED LOOP GAIN AND PHASE vs. FREQUENCY 


one te eae on 
RUE ill 
iil Cc tk ti imu ll 
EY RE Nt 
CUTIE TE TT ess TNT SS 
§ La a 

MEE TAT CT 
COMIC TE Tce CEN 
LUE CHIE LTT CENT TTT UNI 


speseaee (Hz) 


(dB) 
(DEGREES) 


180 


SUPPLY CURRENT vs. TEMPERATURE 


SUPPLY CURRENT (mA) 


TEMPERATURE (°C) 
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GAIN (dB) 


SLEW RATE 
NORMALIZED TO 1 AT 30°C 


CICA 
HLT TIN NS ATT 


OPEN LOOP GAIN AND PHASE vs. FREQUENCY 


-45 


PHASE SHIFT (DEGREES) 


alone se ) 


NORMALIZED SLEW RATE vs. TEMPERATURE 


apes ERE RGERAE ERA 
Pe gee ae 

ees baie eae ba | 
ele Sa le eee ble) 
LT Baetoe tetedormladel | | | | 
Pee eer etre | 
a eens 
Bape eee aeneeeeaiiea 
> ait ls Or cad 
BSERSSRAGRESEGaMiAI 


100 120 


1.05 


1.04 


TEMPERATURE (°C) 


Vout MAX vs. FREQUENCY 
UNDISTORTED SINEWAVE OUTPUT 


VOLTS PEAK-TO-PEAK 


FREQUENCY (MHz) 


HA-5127 


DESIGN IN FO RMATIO N (Continued) 


The information contained in this section has been developed through characterization by Harris Semiconductor and is for 
use as application and design aid only. These characteristics are not 100% tested and no product guarantee is implied. 


Typical Performance Information Uniess Otherwise Specified: Ta = +25°C, Vsyppry = +15V 


SUGGESTED OFFSET VOLTAGE ADJUSTMENT 
V+ 


Tested Offset Adjustment Range is | Vos tmV | minimum referred to output. Typical Range is +4mV with Ry = 10k. 


OP AMPs & 
COMPARATORS 


LARGE AND SMALL SIGNAL RESPONSE 


LARGE SIGNAL TEST CIRCUIT USED FOR PHOTO BELOW SMALL SIGNAL TEST CIRCUIT USED FOR PHOTO BELOW 


MEASURED LARGE SIGNAL RESPONSE MEASURED SMALL SIGNAL RESPONSE 
Vertical Scale: (Volts: Input = 0.5V/Div.) Vertical Scale: (Volts: Input = 100mV/Div) 
(Volts: Output = 5V/Div.) (Volts: Output = 100mV/Div.) 
Horizontal Scale: (Time: 1s/Div.) Horizontal Scale: (Time: 200ns/Div.) 


INPUT : oo INPUT 


OUTPUT OUTPUT 
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DESIGN INFORMATION (continueg) 


The information contained in this section has been developed through characterization by Harris Semiconductor and is for 
use as application and design aid only. These characteristics are not 100% tested and no product guarantee is implied. 


Typical Performance Information unless Otherwise Specified: Ta = +25°C, Vgyppry = £15V 


SETTLING TIME TEST CIRCUIT 
O +15 


TO 
OSCILLOSCOPE 
5K{2 


2KQ2 


e Ay=-1 
e Feedback and summing resistors should be 0.1% matched. 
® Clipping diodes are optional. HP5082-2810 recommended. 


SUGGESTED STABILITY CIRCUITS 


Low resistances are preferred for low noise applications as a 1kN resistor has 4nV/,\/Hz of thermal noise. Total resistances 
of greater than 10kN on either input can reduce stability. In most high resistance applications, a few picofarads of capaci- 


tance across the feedback resistor will improve stability. 


0.1Hz TO 10Hz NOISE WITH Ayc_= 25,000V/V 
Horizontal Scale = 1sec/Div. 
Vertical Scale = 0.002uV/Div. 
0.08uVp-p RTI 
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DESIGN INFORMATION (continuea) 


The information contained in this section has been developed through characterization by Harris Semiconductor and is for 
use as application and design aid only. These characteristics are not 100% tested and no product guarantee is implied. 


TYPICAL PERFORMANCE CHARACTERISTICS 


Device Characterized at: Supply Voltage = +15V, RL = 2k, C_ = 50pF, Unless Otherwise Specified. 


| rananerens ——|__—_conomons__—__| ren» | romcas | St | ero 
PARAMETERS CONDITIONS TEMP TYPICAL LIMIT UNITS 
Versus Time +45°C 
Bias Current Vom = OV +25°C +15 Table 1 
Input Noise Voltage +25°C 


fo = 100Hz +250C 


Offset Voltage Drift 


3.4 


fo = 100Hz +250C Table 3 


Input Noise Current 


Voltage Gain 
Full 


Settling Time +25°9C 


10V to 0.01% 
Minimum Supply Voltage 


fo = 1kHz +250C 
1.8 


110 


VouT = +10V +25°9C 
10 


1.5 


+25°9C 


+25°C 4 


H- 


Functional Operation Only. 
Other Parameters Will Vary. 
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HA-5134/883 | 


Precision Quad 


January 1989 Operational Amplifier 


Features 


¢ This Circuit is Processed in Accordance to Mil-Std- 
883 and is Fully Conformant Under the Provisions of 
Paragraph 1.2.1. 


e Low Offset Voltage (+25°C) 200uV (Max) 
(Full Temp.) ........ 350uV (Max) 


e Low Offset Voltage Drift @ Temp. ..... 2yuV/°C (Max) 
© Offset Voltage Match (Full Temp.) ...... 350uV (Max) 
¢ High Channel Separation (+25°C) 120dB (Min) 
¢ Low Noise (f > 100Hz) 10nV/\/Hz (Max) 
e Wide Bandwidth 4MHz (Typ) 
e High CMRR/PSRR (+25°9C) 100dB (Min) 
¢ High Voltage Gain (+25°C)............ 1.2MV/V (Min) 
¢ Dielectric Isolation 


Applications 

e Instrumentation Amplifiers 

e State-Variable Filters 

e Precision Integrators 

¢ Threshold Detectors 

e Precision Data Acquisition Systems 


¢ Low-Level Transducer Amplifiers 


Pinouts 


HA1-5134/883 (CERAMIC DIP) 
TOP VIEW 


Description 


The HA-5134/883 is a precision quad operational amplifier 
that is pin compatible with the OP-400, 1T1014, OP11, 
RM4156, and LM148 as well as the HA-4741/883. Each 
amplifier features guaranteed maximum values for offset 
voltage of 350uV, offset voltage drift of 2uV/OC (max), and 
offset current of 75nA over the full military temperature 
range while CMRR/PSRR is guaranteed greater than 94dB 
and open loop gain is guaranteed above 750K V/V from 
-55°C to +125°0C. Room temperature specifications 
exceed these values such as an offset voltage matching 
specifications between channels of 200uV (max) at +25°9C. 


Precision performance of the HA-5134/883 is enhanced by 
a noise voltage density of 7nV/,\/Hz at 1kHz (Typ), noise 
current density of 2pA/\/Hz at 1kHz and channel 
separation of 120dB (min). Each of the four unity gain 
stable amps on the quad are electrically isolated, having 
only supply lines in common and are fabricated using 
Dielectric Isolation to insure quality performance in the most 
demanding applications. 


The HA-5134/883 is ideal for compact circuits such as 
instrumentation amplifiers, state-variable filters, and 
low-level transducer amplifiers. Other applications include 
precision data acquisition systems, precision integrators, 
and accurate threshold detectors in designs where board 
space is a limitation. 


The HA-5134/883 has guaranteed operation from -55°C to 
+125°C and can be ordered in the 14 pin Ceramic DIP or 
20 pad Ceramic LCC Package. 


HA4-5134/883 (CERAMIC LCC) 
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Specifications HA-5134/883 


Absolute Maximum Ratings Thermal Information 

Voltage Between V+ and V- Terminals .............0ceeee eee 40V___ Thermal Resistance Gia Bic 

Differential inpel Voltages. cos. co os oo Te SS 6V Ceramic DIP Package ................. 75°C/W ss 16°C/W 

Voltage at Either Input Terminal ............... cece eee V+ to V- Ceramic LCC Package: .......0cscesee. 7T6°C/Ws199C/W 

WS CUP: ke See ad tne PAS adie poe cease bea 25mA__— Package Power Dissipation Limit at +75°C for Ty < +175°C 

AG TIPPEE oc shpsn aca tiacs ashen #0 ma Full Short Circuit Protection a a ai ssismsis i cd naneentnatarnrsioniiadumaanio sn 1.33W 

DENERAE CLITONE COLIPERIOND sain nates 30 0 vege re oe alee a casein Indefinite Cotamic LGC Package: «455 kata qeks + vegen ae etedde ee ae 1.32W 
(One Amplifier Shorted to Ground) Package Power Dissipation Derating Factor Above +75°9C 

dunction Temperature... can +t. oaks 3 2S dees be eee +175°C Geramic DIP Package fo ose ccc cnsicscaesasewvestes 13.3mW/°C 

Storage Temperature Range ..............00005 -65°9C to +150°C Ceramic LCG Package... i cssiccc ccc ccc cca cccces 13.2mW/°C 

Beers wb oe ig Boo ci a'b hw. eles ae eat sk iebe ceo vw alee <2000V 

Lead Temperature (Soldering 10 sec)..............e cence 275°C 


CAUTION: Absolute maximum ratings are limiting values, applied 
individually beyond which the serviceability of the circuit may be impaired. 
Functional operability under any of these conditions is not necessarily implied. 


Recommended Operating Conditions 


Operating Temperature Range ..............05- -55°C to+1259C = ViNcm < 1/2 (V+ - V-) 
Operatic Supply VGNSGG-s se 5. Sehis shi <eptd eves cccse Be +15V RL > 2kN 


TABLE 1. D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 


Device Tested at: Supply Voltage = +15V, RSOURCE = 502, RLOAD = 100kQ, Vout = OV, Unless Otherwise Specified. 


fe 
re) 
ne ae ea UBGROU $3 
fo a 
D.C.PARAMETERS | SYMBOL CONDITIONS SUBGROUP | TEMPERATURE | MIN | MAX — UNITS a 
a 
Input Offset Voltage Vio Vom = OV 1 +25°9C | -200 | 200. | pV fe) 3 
O 


| Vig (Max) -Vio (Min)| 


Offset Voltage Match AViO 


“i | VoM=ov a ae 
+Rg = 10k 


| 23 | 412596, -s5%0 


Bie ee cae: alle Eee 
| Hasec,-ssec | 10 | - 


Input Bias Current 


N 

16) 

no 

a 

fe) 

D 

a 

oO 

fe) 

@) 

rm) 

on 

ele 

rT< 


: 
+ 
Nh 
oO 
oO 
i 
pe =] = P= | = > | te = 


> 


> 


Input Offset Current 


as 
hr 
oO 
[e) 
i 
> 


> 


Common Mode Range +CMR 


-CMR 


Large Signal Voltage Gain VouT = OV and +10V 


Ry = 2kN 


+AVOL kV/V 


VouT = OV and -10V 
RL = 2k 


-AVOL 


kKV/V 


Common Mode Rejection +CMRR 


Ratio 


-CMRR 


100 


were eh eee 


CAUTION: This device is sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 


VouT = +10V 
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TABLE 1. D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 
Device Tested at: Supply Voltage = +15V, RSOURCE = 50, RLOAD = 100k, Vout = OV, Unless Otherwise Specified 


ee sen 
: 


a, 


LIMITS 


UNITS 


Output Voltage Swing 


-12 
+125°C, -55°C 
Output Current 
+1259C, -55°C -10 
I =OmA 
ei +1259C, -559C 
+V = +20V, -V =-15V 
+V = +15V, -V =-20V 


+V = +15V, -V = -10V 
TABLE 2. A.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 


Quiescent Power Supply 
Current 


Power Supply Rejection 
Ratio 


V 

V 
Te 
Te 
Te 
3 


Device Tested at: Supply Voltage = +15V, RSOURCE = 502, RLOAD = 2k, CLOoAp = 50pF, AycL = +1V/V, 


Unless Otherwise Specified. 
PARAMETERS SYMBOL CONDITIONS TEMPERATURE 


Slew Rate 


Rise & Fall Time TR VouT = 0 to +200mV 7 +25°C 
10% <TR < 90% 
OS 


Overshoot VouT = 0 to +200mV 
Res Vout = 0 to -200mV 


LIMITS 


GROUP A 


SUBGROUP UNITS 


75 V/us 


“N 
oO 


V/us 
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TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


Device Characterized at: Supply Voltage = +15V, RLOAD = 2k, CLOAD = SOPF, Unless Otherwise Specified. 


NOTES: 1. 


OAnNhWN 


LIMITS 
PARAMETERS SYMBOL NOTES | TEMPERATURE 
Average Offset Voltage Vio TC Vom = OV 1 -55°C to +125°C 
Drift 
Differential Input 
Resistance 
Low Frequency 0.1Hz to 10Hz 
Peak-to-Peak Noise 
Input Noise Voltage Density Ea =| 
| Input Noise Current Density ae 


Gain Bandwidth Product 


Unity Gain Bandwidth UGBW Vo = 200mV 


Slew Rate VOUT = -3V to +3V 
And VouT = +3V to -3V , 


+S 
Minimum Closed Loop 
Stable Gain 
Rise & Fall Time 
neal 


Full Power Bandwidth FPBW | VpEAK = 10V 4, 


Overshoot 


Output Resistance ROUT Open Loop 
Power Consumption VouT = OV, lout = OMA 


Channel Separation (A.C.) 


Channel Separation (D.C.) 


+25°9C 


2 
1 


< 
‘?) 
= 
Il 
12) 
< 


Rg = 2M2, fg = 1kHz 
GBWP | Vo=200mV, fg >100kHz 


| 


-§59C to +125°9C + 


Rg = 200, fg = 1kHz 1,5 
2 


R 
Vout = OV to +200mV 
Vout = OV to-200mV 
S VouT = OV to +200mV 
| -OS | Vout =0Vto-200mv 


fo = 100Hz 
fo = 10kHz 


CS(D.C.) | Vo =+10V(20Vp-p) +25°C 
Delta Vip < 20nV 


Parameters listed in Table 3 are controlled via design or process parameters and are not directly tested at final production. These parameters are 
lab characterized upon initial design release, or upon design changes. These parameters are guaranteed by characterization based upon data 
from multiple production runs which reflect lot to lot and within lot variation. 


. Full Power Bandwidth guarantee based on Slew Rate measurement using FPBW = Slew Rate/(2nVpe ax). 


Power Consumption based upon Quiescent Supply Current test maximum. (No load on outputs.) 


. Measured between 10% and 90% points. 
. Input Noise Voltage Density and Input Noise Current Density is sample tested on every lot. 
. Offset adjustment range is [ Vig (Measured) + 1MV ] minimum referred to output. 


This test is for functionality only to assure adjustment through OV. 


TABLE 4. ELECTRICAL TEST REQUIREMENTS 


[risinticaclPvensen eeu [1 
a 


* PDA applies to Subgroup 1 only. 
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Test Circuit (Applies to Tables 1, 2 and 3) 


Vac OUT 


ALL RESISTORS = + 1% ({2) 


0.01 ALL CAPACITORS = + 10% (j/F) 


50> 0.01 1 v1 


(1-4) 
V rh ii 50K OPEN o7 (4) 


- VEE 5 
SOK 450K 


820pF 


For Op-Amp Test Circuits and Conditions, Refer to the Harris Tech Brief ‘‘HA-5134/883 Op-Amp Test Methods”. 
One of Four Circuits for Quad D.UT. 


Test Waveforms 
SIMPLIFIED TEST CIRCUIT (Applies to Tables 2 and 3) 


V+ 
im OUT 
502 2kN. 50pF 
SLEW RATE WAVEFORM 
+ 3.0V + 3.0V + 3.0V + 3.0V 
INPUT 
- 3.0V - 3.0V - 3.0V - 3.0V 
+ SR - SR 
TRANSIENT RESPONSE WAVEFORM 
+ 200mV OV 
INPUT 
OV - 200mV 
TR .+ OS Tr, - OS 


NOTE: Measured on Both positive and negative transitions. 
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Burn-In Circuits 


HA1-5134/883 CERAMIC DIP 


HA4-5134/883 CERAMIC LCC 


OP AMPs & 
COMPARATORS 


NOTES: 

Ry = Ro = Rg = Rq4 = 1MQ +5%, 1/4W (Min) 

Cy = Co = 0.01pF/ per Socket (Min) or 0.1F/per Row (Min) 
Dy = Dp = IN4002 or Equivalent/Board 

| (V+) - (V-) |= 30v 
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Schematic Diagram (1/4 of HA-5134/883) 
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Die Characteristics 


DIE DIMENSIONS: GLASSIVATION: 
89.4 x 113 x 19 mils Type: Silox 
(2270 x 2870 x 483 ym) Thickness: 14kA + 1kA 
METALLIZATION: TRANSISTOR COUNT: 160 
Type: Aluminum PROCESS: HFHB Bipolar Dielectric Isolation 
Thickness: 16kA + 2kA DIE ATTACH: 


Material: Gold/Silicon Eutectic Alloy 
Temperature: Ceramic DIP — 460°C (Max) 
Ceramic LCC — 420°C (Max) 


WORST CASE CURRENT DENSITY: 
2.65 x 10°A/cm2 @ 33.4mA 
This device meets Glassivation Integrity Test 
requirement per Mil-Std-883 Method 2021 and 
Mil-M-38510 paragraph 3.5.5.4. 


SUBSTRATE POTENTIAL (Powered Up): 
Unbiased 


Metallization Mask Layout 
HA-5134/883 


-IN1 OUT 1 OUT 4 -IN4 


OP AMPs & 
COMPARATORS 


+IN1 +IN4 


V+ 


+1N2 +I1N3 


NOTE: Pin Numbers Correspond to DIP Package Only. 


3-317 


HA-5134/883 


Packaging t 
14 PIN CERAMIC DIP 


BY fo 


785 140 
.005 MIN 170 


.200 MAX fs 
5 
2015, .150 MIN 
.060 
125 098 MAX 
ie 016 * gerd 
.023 : 
.050 
.065 


LEAD MATERIAL: Type B 
LEAD FINISH: Type A 
PACKAGE MATERIAL: Ceramic, 90% Alumina 
PACKAGE SEAL: 
Material: Glass Frit 
Temperature: 450°C + 10°C 
Method: Furnace Seal 


20 PAD CERAMIC LCC 


.003 -075 


PAD MATERIAL: Type C 
PAD FINISH: Type A 
FINISH DIMENSION: Type A 
PACKAGE MATERIAL: Multilayer Ceramic, 90% Alumina 
PACKAGE SEAL: 
Material: Gold/Tin (80/20) 
Temperature: 320°C + 10°C 
Method: Furnace Braze 


NOTE: All Dimensions are ce: , Dimensions are in inches. 
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we 
15° 


* INCREASE MAX LIMIT BY .003 INCHES 
MEASURED AT CENTER OF FLAT FOR 
SOLDER FINISH 


INTERNAL LEAD WIRE: 


Material: Aluminum 
Diameter: 1.25 Mil 
Bonding Method: Ultrasonic 


COMPLIANT OUTLINE: 38510 D-1 


INTERNAL LEAD WIRE: 

Material: Aluminum 

Diameter: 1.25 Mil 

Bonding Method: Ultrasonic 
COMPLIANT OUTLINE: 38510 C-2 


t Mil-M-38510 Compliant Materials, Finishes, and Dimensions. 


@ HARRIS HA-5134 


DESIGN INFORMATION Precision Quad 
Operational Amplifier 


The information contained in this section has been developed through characterization by Harris Semiconductor and is for 
use as application and design aid only. These characteristics are not 100% tested and no product guarantee is implied. 


Typical Performance Curves unless Otherwise Specified: Ta = +25°C, V+ = +15V 


Vio WARMUP DRIFT 
Ta = +259C, Voc = +15V INPUT OFFSET VOLTAGE vs. TEMPERATURE 


“Cr Te hoa 
eo) iy 5 90 WY 
Pee 


OFFSET (xv) 
1 


OFFSET CHANGE ( nV) 


bh’ 
Se Me 
eo Se 
BLL eee 
ST re eee 
- 40 60 80 100 120 

TIME (MINUTES) TEMPERATURE (°C) 


OP AMPs & 
COMPARATORS 


REJECTION RATIOS vs. TEMPERATURE 
#100 = +5V to +20V, Vom = +10V NOISE VOLTAGE DENSITY vs. FREQUENCY 


NOISE VOLTAGE DENSITY 


REJECTION RATIO (dB 


160 200 240 280 320 360 400 
FREQUENCY (Hz) 


bene RATURE (°C) 


OFFSET CURRENT vs. TEMPERATURE 
Aci = 1, Voc = £15V CHANNEL SEPARATION vs. FREQUENCY 


NE EIU tebe LT | TM TT TTT PT 


PSE EE 
ii i ME - 


OFFSET CURRENT (nA) 
CHANNEL SEPARATION (dB) 


FREQUENCY (Hz) 


20 40 60 80 100 120 
TEMPERATURE (°C) 
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HA-5134 
DESIGN INFORMATION (continueg) 


The information contained in this section has been developed through characterization by Harris Semiconductor and is for 
use as application and design aid only. These characteristics are not 100% tested and no product guarantee is implied. 


Typical Performance Curves Unless Otherwise Specified: Ta = +25°C, V+ = +15V 


CMRR vs. FREQUENCY PSRR vs. FREQUENCY 


20 
3 iil 3 tte nila CHT a 
[+=] 20 = pis ' 
2 1 Dec = ott LUM | TM |e f 
c = 40 y. ; 
= 
ell th of RB 


I ‘ie 

ne ae 
1 a 
ee 


100 1K 10K 100K 1M 
FREQUENCY (Hz) 


100 


ratcencaey (Hz) 


CLOSED LOOP GAIN/PHASE vs. FREQUENCY 
CLOSED LOOP FREQUENCY RESPONSE vs. TEMPERATURE Ta = +25°C, Voc = +15V 


3dB 

ve UOT TTT TTT Xt Bee eee ae 
cnbibia a ae SH 
Galle 


atte Sua i 


= 
= 0dB 
o 

-3dB 


PHASE (DEGREES) 
S 
oc 
PHASE (DEGRESS) 


(ailll 
11 eT A; 
CETTE EL 


10 100K 10M 
ied a 


180° 180° 


100 1K 10K 100K 1M 10M 
FREQUENCY (Hz) 


MAXIMUM OUTPUT VOLTAGE vs. TEMPERATURE 
RLOAD = 2K, Ay = 1000, Vin = +2V OPEN LOOP GAIN AND PHASE vs. FREQUENCY 


ne 
Vout POSITIVE 


LEE] Lee g CHEESE MICE 
rae SUG0HHREEEERALE ST HHH 
aT “ 

| “CMCC 

HH SOU 

i Mebeei imcse ole gE 

Hi Tete 


ST TT 
SUE TT TT TTL CHILLAN ih 
SLUT UT | TET TTT NT 


10 100 1K 10K 100K 1M 10M 100M 
FREQUENCY (Hz) 


Vout MAXIMUM (v) 


o 
So 
PHASE SHIFT (DEGREES) 


3.9 
-60 40 = -20 0 20 40 60 80 10u. =: 120 
TEMPERATURE (°C) 
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DESIGN INFORMATION (continueg) 


The information contained in this section has been developed through characterization by Harris Semiconductor and is for 
use as application and design aid only. These characteristics are not 100% tested and no product guarantee is implied. 


Typical Performance Curves unless Otherwise Specified: Ta = +25°C, VguppLy = +15V 


OVERSHOOT vs. CLoaD PEAK-TO-PEAK NOISE 0.1Hz to 10Hz 
Voc = +15V, Ta = +259C, Ay = +1, VouT = 200mV Ta = +259°C, Voc = +15V, Ay = 1000 
40 
as a ee ea ee ee Te 


P| | | | | _ et 
ee ae 


OVERSHOOT (%) 
BR 
co 


LOAD CAPACITANCE (nF) Cnp-p = 0.1671Vp-p, 0.05pV/Div., 18/Div. 


SMALL SIGNAL TRANSIENT RESPONSE Ci oap = 1nF SUPPLY CURRENT vs. TEMPERATURE 


OP AMPs & 
COMPARATORS 


was 
: CoP 
Pee eT PET 
Of 
7 ASSURE RR ERE + 
BCE Eee ETT ek 


“60 40 100 120 
TEMPERATURE ne 


SUPPLY CURRENT (mA) 


Ta = +25°9C, Voc = +15V, 
Ay = +1, RL = 10k, 20mV/Div., 11s/Div. 


MEASURED SMALL SIGNAL RESPONSE (Ay = +1) 


Ta = +25°C, Voc = +15V, Ay = +1, RL = 2k, CL = SOpF MEASURED LARGE SIGNAL RESPONSE (+3V) 
In Scale = 200mV/Div., Out Scale = 50mV/Div. Ta = +259C, Voc = £15V, Ay = +1, RL = 2k, C_ = SOpF 


Time Scale = 200ns/Div. in Scale = 5V/Div., Out Scale = 2V/Div., Time Scale = 2yus/Div. 


NN — 


Vout 
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DESIGN INFORMATION (continue) 


The information contained in this section has been developed through characterization by Harris Semiconductor and is for 
use as application and design aid only. These characteristics are not 100% tested and no product guarantee is implied. 


Applications Information 
PRUEETORS i : TRANSIENT RESPONSE OF APPLICATION CIRCUIT #1 
VouT = +10V, RLOAD = 502 
CLOAD = 0.01nF, Ay = 3, Voco = +15V 


APPLICATION CIRCUIT #1: Top: Input, 2V/Div., 20us/Div. 
INSTRUMENTATION AMPLIFIER WITH POWER OUTPUT Bottom: Output, 5V/Div., 20us/Div. 


| 1/4 HA-5134 


Ry 


2R ), 82 
Ay = (1+ £2) (4) 
E “Rs Ry 


VIN 1 


*1002- 10012 recommended for 
short circuit limiting. 


OUTPUT 


0.01 uF 


NOTE: When driving heavy loads the HA-5002 may contribute to thermal 
errors. Proper thermal shielding is recommended. 


APPLICATION CIRCUIT #2: 
PROGRAMMABLE GAIN AMPLIFIER 


High Ayo. of HA-5134 reduces gain error. 
Gain Error ~ 0.004% @ Ay = 8 


COMPARATOR RESPONSE WAVEFORMS 
Horizontal: 50us/Div. 
VIN = +25mV, VouT = +14V 


APPLICATION CIRCUIT #3: 
PRECISION COMPARATOR 


€ 
+15V 
% HA-5134 


Vin (BOTTOM TRACE) 


OUTPUT 
(TOP TRACE) 


NOTE: If differential input voltages greater than 6V are present, input current 
must be limited to less than 25mA. 
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DESIGN INFORMATION (continuea) 


The information contained in this section has been developed through characterization by Harris Semiconductor and is for 
use as application and design aid only. These characteristics are not 100% tested and no product guarantee is implied. 


TYPICAL PERFORMANCE CHARACTERISTICS 
Device Characterized at: Supply Voltage = +15V, RL = 2k, CL = 50pF, Ay = +1V/V, Unless Otherwise Specified. 


DESIGN 
PARAMETERS CONDITIONS TEMP TYPICAL LIMIT UNITS 
Orfset Voltage Vom =0V | +zsec_ | so | tober | ww 


Average Offset Voltage Drift Versus Temperature Full Table 3 


Bias Current Vom = OV +259C Table 1 
Full Table 1 
Full 


Ful | 100 | pac _| 
[DiferentialinputResistance | CC | Tables | Ma | 
+2500 
H 
H 


Table 3 
Input Noise Voltage Density fo = 10Hz +25°9C 


3 
- eae 


E 


10 
7.5 
7 


f 
Input Noise Current Density +259C ee 
| Tables | pA 


Maca 
Page DN 
Pry] 
it 


ala 


ari 


Settling Time 10V Step to 0.01% +250C Bee ft oyimttt | 
Supply Current Unload Output +25°C Table 1 rs 


PSRR, CMRR 


General Considerations 


1. POWER SUPPLY DECOUPLING: Although not absolutely e@ Error voltages generated by thermocouples formed 
necessary, it is recommended that all power supply lines between dissimilar metals in the presence of tempera- 
be decoupled with 0.01uF ceramic capacitors to ground. ture gradients should be minimized. Isolation of low 
Decoupling capacitors should be located as near to the level circuitry from heat generating components is 
amplifier terminals as possible. recommended. 

2. CONSIDERATIONS FOR PROTOTYPING: The following e Shielded cable input leads, guard rings and shield 
list of recommendations are suggested for prototyping. drivers are recommended for the most critical 


; F , ae applications. 
e Resolving low level signals requires minimizing leakage 


currents caused by external circuitry. Use of quality 
insulating materials, thorough cleaning of insulating 
surfaces and implementation of moisture barriers 
when required is suggested. 
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HA-5135/883 


January 1989 Precision Operational Amplifier 


Features 


¢ This Circuit is Processed in Accordance to Mil-Std- 
883 and is Fully Conformant Under the Provisions of 
Paragraph 1.2.1. 


e Low Offset Drift 0.4uV/°C (Max) 
75uV (Max) 
120dB(1MV/V) (Min) 
106dB (Min) 

94dB (Min) 

1.7mA (Max) 

e Low Noise Voltage Density @1kHz .. 9nV/\/Hz (Max) 


¢ Low Noise Current Density @1kHz .. 0.4pA/\/Hz (Max) 


e Low Offset Voltage 
¢ High Gain 

e High CMRR 

e High PSRR 

e Low Supply Current 


Applications 

¢e High Gain Instrumentation 

e Precision Data Acquisition 

¢ Precision Integrators 

¢ Biomedical Amplifiers 

¢ Precision Threshold Detectors 


Pinouts 


HA7-5135/883 (CERAMIC DIP) 
TOP VIEW 


HA4-5135/883 (CERAMIC LCC) 


Description 


The HA-5135/883 is a precision operational amplifier 
manufactured using a combination of key technological 
advancements to provide outstanding input characteristics. 


A high Beta input stage is combined with laser trimming, 
dielectric isolation, and matching techniques to produce 
75yV (Max) input offset voltage and 0.4uV/°C (Max) input 
offset voltage average drift. Other features enhanced by this 
process include 9nV/\/Hz (Typ). Input Noise Voltage, 4nA 
Input Bias Current (Max) and 120dB Open Loop Gain (Min). 


These features coupled with 106dB CMRR and 94dB 
PSRR make HA-5135/883 an ideal device for precision 
D.C. instrumentation amplifiers. Excellent input characteris- 
tics in conjunction with O.6MHz (Min) bandwidth and 
0.5V/us (Min) slew rate, makes this amplifier extremely 
useful for precision integrator and biomedical amplifier 
designs. These amplifiers are also well suited for precision 
data acquisition and for accurate threshold detector 
applications. 


HA-5135/883 is packaged in an 8 pin (TO-99) Metal Can, 
an 8 lead Ceramic Mini-DIP, and a 20 pin Ceramic LCC 
package and is compatible with many existing op amp 
configurations. All packages are specified for -55°C to 
+125°C operation. 


HA2-5135/883 (METAL CAN) 
TOP VIEW 


V - (CASE) 
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Specifications HA-5135/883 


Absolute Maximum Ratings Thermal Information 
Voltage Between V+ and V- Terminals. .....-..++sseeeeeeees 40V ‘Thermal Resistance Bia Vic 
Differential Input Voltage (Note 6) ......---. cece eee ence eens 15V Ceramic DIP Package .........+22eee0- 829C/W  25°C/W 
Voltage at Either Input Terminal ..........-++eeeeeeeeees V+ to V- Ceramic LCC Package ......-.cceccees 74°C/W = 229C/W 
Input Current..........ceecece ere ee eee eceeesseceeescnes 25mA Metal Can Package .......cccssccccees 969C/W 29°9C/W 
Output Current .........e eee cere eee Full Short Circuit Protection | Package Power Dissipation Limit at +75°C for Ty < +175°C 
Junction Temperature (Ty) .....- cece eee cece ee eeeeeeees +175°C Ceramic DIP Package ....... cece e cece eee eeeeneeenee 1.22mW 
Storage Temperature Range ........-++++-++5+ -65°C to +150°C Ceramic LCC Package ........-sccceccccencccnccceens 1.36W 
ESD Rating ..........ccccccccc cece cccccteccseessenes < 2000V Metal Can Package .......-sccececceeee ee eeeeeceeeces 1.04W 
Lead Temperature (Soldering 10 S@C)........--+eeeeeeee 4+275°C Package Power Dissipation Derating Factor Above +75°C 
Ceramic DIP Package ........e sees eeceeeecceeees 12.2mW/°C 


CAUTION: Absolute maximum ratings are limiting values, applied 


individually beyond which the serviceability of the circuit may be impaired. Ceramic LCC Package ....----e eee eeeeeeeeeecees 13.6mW/°C 
Functional operability under any of these conditions is not necessarily Metal Can Package ....-. sce eeeeeeeee ence eeeenes 10.4mW/°C 
implied. 

Recommended Operating Conditions 

Operating Temperature Range ........+--++:- -55°C to +1259C = Vincm < 1/2 (V+ - V-) 

Operating Supply Voltage .......-ee cece eee e eee teeter reees +15V RR, > 600 


TABLE 1. D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 


Device Tested at: Supply Voltage = +15V, RSOURCE = 502, RLOAD = 100k, VouT = OV, Unless Otherwise Specified. 


” 

M og 

D.C. GROUP A — -2 
PARAMETERS SYMBOL CONDITIONS SUBGROUP | TEMPERATURE ae UNITS o< 
a8 

Input Offset Voltage Vom =0V ins aig +25°C a & 
Os 


Vom = OV 
+Rs = 10k, 502 


es = 


Input Bias Current 


+Rs = 10k2 


Common Mode Range 


V+ =27V 
V- = -3V 


+ 
nm 
oO 
[e) 
in 


+ 
nm 
oO 
[°) 
QO 
ot 
oS 


Vout = OV and +10V 
RL = 2k 


Large Signal Voltage Gain 


Vout = OV and -10V 
Ru = 2k 


+e 
—_ 
v4 
+ 
fe) 
O1% 
fe) 
n}lo 
ol 
fe) 
O 


Ratio +V = +5V 
-V =-25V 


AVcm = ~-10V 


AVcm = ~-10V 
+V =+25V 
-V=-5V 
AVcm = +10V 


- 
nN 
ol 

[e) 
Q 


CAUTION: This device is sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
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TABLE 1. D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 
Device Tested at: Supply Voltage = +15V, RSOURCE = 502, RLOAD = 100k, VouT = OV, Unless Otherwise Specified 


D.C. PARAMETERS sua ty os TEMPERATURE 
Output Voltage Swing +VouT1 | RL =600N 
) +125°C, -55°C 


+louT | Vout =~-10V 
“lout | Vout =+10V 


<[< 


+1259C, -559C 


+25°9C 
3 
ioe 
+1250C,-550C | -1.7 eae eee 


+1259C, -55°C 


: 


+125°C,-55°C | Vig-1 


Quiescent Power Supply 
Current 


louT = OV 
louT = OmA 


! 
_ 


Power Supply Rejection 
Ratio 


AVsup = 10V 
+V = +5V,-V =-15V 
+V = +15V, -V = -15V 


AVsup = 10V 
+V = +15V, -V =-5V 
+V = +15V, -V = -15V 


Offset Voltage 
Adjustment 


3 
< 


ie 
oe <4 


+25°9C Vio +1 


= 
O 


mV 


- 
BS 
Ei 
> 
2. 


+1259C, -55°C Vio +1 


TABLE 2. A.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 


Device Tested at: Supply Voltage = +15V, RSOURCE = 502, RLoAD = 2kN, CLOAD = 50pF, AycL = +1V/V, 
Unless Otherwise Specified. 


GROUP A 
SYMBOL CONDITIONS SUBGROUPS | TEMPERATURE 
+SR VOUT = -3V to +3V 7 +25°C 
Vin S.R. < 25V/us 


LIMITS 


PARAMETERS 


Slew Rate 


<= 

= 
Ei 

1?) 


VIN S.R. < 25V/ps 


< 

— 

= 
i 
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TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 
Device Characterized at: Supply Voltage = +15V, RLOAD = 2k, CLOAD = 50pF, Ay = +1V/V, Unless Otherwise Specified. 


LIMITS 
PARAMETERS SYMBOL CONDITIONS NOTES | TEMPERATURE 


Average Offset Voltage Drift VioTC Vom = OV oF -559C to +1259C 
Differential Input Resistance | Rin | Vom = OV a: tet] on Rec! | 


Average Offset Current Drift otc Versus Temperature 1 -559C to +125°C pA/OC 
Vom = OV 
Average Bias Current Drift IpTC Versus Temperature -55°C to +125°C 
Vom = OV 


Input Noise Voltage Density | Ens Rs = 209), fo = 1kHz 
Input Noise Current Density Fn | Rs = 2MQ, fo = 1kHz +25°C 


Unity Gain Bandwidth UGBW VouT = +100mvV, +25°9C 
fo @ -3dB 


Full Power Bandwidth FPBW | VpeaK = 10V 


eae 
Minimum Closed Loop Stable CLSG Ri = 2k, CL = SOpF -559C to +125°C +1 VV 
Gain 

eal 


2 
= 
Ss 
Ss 

fe) 

Z| 3 


Output Resistance ROUT Open Loop | 


NOTES: 1. Parameters listed in Table 3 are controlled via design or process parameters and are not directly tested at final production. These parameters are 
lab characterized upon initial design release, or upon design changes. These parameters are guaranteed by characterization based upon data 
from multiple production runs which reflect lot to lot and within lot variation. 


. Full Power Bandwidth guarantee based on Slew Rate measurement using FPBW = Slew Rate/(2nVpe ax). 
. Power Consumption based upon Quiescent Supply Current test maximum. (No load on outputs.) 


. Measured between 10% and 90% points. 


a && WD N 


. Offset adjustment range is [ Vig (Measured) + 1mV ] minimum referred to output. 
This test is for functionality only to assure adjustment through OV. 


6. The input stage has series 1k resistors along with back to back diodes. This allows 
large differential input voltage protection at a slight increase to noise voltage. 


TABLE 4. ELECTRICAL TEST REQUIREMENTS 


a 
ne a 


* PDA applies to Subgroup 1 only. 


The Subgroup assignments of the parameters in these tables were patterned after Mil-M-38510/135, 
except for Vig which is Subgroup 1, 2, and 3. 
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COMPARATORS 


HA-5135/883 


Test Circuit (Applies to Tables 1 and 2) 


*INCLUDES STRAY 
CAPACITANCE 
FOR LOOP STABILITY, 
USE MIN VALUE CAPACITOR 
TO PREVENT OSCILLATION 


ALL RESISTORS = + 1% (9) 
ALL CAPACITORS = + 10% (uF) 


For Op-Amp Test Circuits and Conditions, Refer to the Harris Tech Brief “HA-5135 Op-Amp Test Methods”. 


Test Waveforms 
SIMPLIFIED TEST CIRCUIT (Applies to Tables 2 and 3) 


V+ 
VAC IN VacOUT 
50 2kQ SOpF 
Ay =+1VNV 
SLEW RATE WAVEFORM 
+ 3.0V + 3.0V 
INPUT 
- 3.0V - 3.0V 
+ SR - SR 
TRANSIENT RESPONSE WAVEFORM 
+ 200mV OV 
INPUT 
OV - 200mV 
Tr »+ OS Lit -OS 


NOTE: Measured on Both positive and negative transitions. 
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HA-5135/883 


Burn-In Circuits 


HA7-5135/883 CERAMIC DIP 


OP AMPs & 
COMPARATORS 


NOTES: 

Ry =Ro = 1kN +5%, 1/4W (Min) 

R3 = 10kQ +5%, 1/4W (Min) 

Cy = Cp = 0.01uF per Socket (Min) or 0.1pF per Row (Min) 
Dy = D2 = IN4002 or Equivalent/Board 

| (V+) - (V-) |= 30V 


3-329 


HA-5135/883 


Schematic Diagram 


033 


S Q32 ae 
& 
is 
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HA-5135/883 


Die Characteristics 


DIE DIMENSIONS: GLASSIVATION: 
107.3 x 65 x 19 mils Type: Silox 
(2720 x 1660 x 483 um) Thickness: 9.5kA + 2.5kA 
METALLIZATION: TRANSISTOR COUNT: 57 
Type: Aluminum PROCESS: HFHB Bipolar Dielectric Isolation 
Thickness: 16kA + 2kA DIE ATTACH: 
WORST CASE CURRENT DENSITY: Material: Gold/Silicon Eutectic Alloy 


Temperature: Ceramic DIP — 460°C (Max) 
Ceramic LCC — 420°C (Max) 
Metal Can — 420°C (Max) 


3.57 x 105A/cm2 @15mA 

This device meets Glassivation Integrity Test 
requirement per Mil-Std-883 Method 2021 and 
Mil-M-38510 paragraph 3.5.5.4. 


SUBSTRATE POTENTIAL (Powered Up): V- 


Metallization Mask Layout 
HA-5135/883 


BAL 1 V+ OUT BAL 1 


OP AMPs & 
COMPARATORS 


BAL 2 -IN +IN V- 


NOTE: Pin Numbers Correspond to 8 Pin Metal Can and Mini-DIP Package Only. 
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Packaging t 


050* « INCREASE MAX LIMIT BY .003 INCHES 
es MEASURED AT CENTER OF FLAT FOR 
-065 SOLDER FINISH 


o73 | f 


-089 


505 
-560 


10 
045 


2245 
-265 


.290 
.310 


.008 * 
.015 


HA-5135/883 


8 PIN CERAMIC DIP 


20 PAD CERAMIC LCC 


8 PIN TO-99 METAL CAN 


*Dimension Maximum Limits Are Increased by 0.003 inches for Solder Dip Finish 


NOTE: All Dimensions are 


Mi 


ee , Dimensions are in inches. 
ax 
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LEAD MATERIAL: Type B 
LEAD FINISH: Type A 
PACKAGE MATERIAL: Ceramic, 90% Alumina 
PACKAGE SEAL: 

Material: Glass Frit 

Temperature: 450°C + 10°C 

Method: Furnace Seal 
INTERNAL LEAD WIRE: 

Material: Aluminum 

Diameter: 1.25 Mil 

Bonding Method: Ultrasonic 
COMPLIANT OUTLINE: 38510 D-4 


PAD MATERIAL: Type C 
PAD FINISH: Type A 
FINISH DIMENSION: Type A 
PACKAGE MATERIAL: Ceramic, 90% Alo03 
PACKAGE SEAL: 
Material: Gold/Tin (80/20) 
Temperature: 320°C + 10°C 
Method: Furnace Braze 
INTERNAL LEAD WIRE: 
Material: Aluminum 
Diameter: 1.25 Mil 
Bonding Method: Ultrasonic 
COMPLIANT OUTLINE: 38510 C-2 


LEAD MATERIAL: Type A 
LEAD FINISH: Type C 
PACKAGE MATERIAL: Kovar Header with 
Nickel Can 
PACKAGE SEAL: 
Material: No Seal Material 
Temperature: Room Temperature 
Method: Resistance Weld 
INTERNAL LEAD WIRE: 
Material: Aluminum 
Diameter: 1.25 Mil 
Bonding Method: Ultrasonic Bonded 
COMPLIANT OUTLINE: 38510 A-1 


t Mil-M-38510 Compliant Materials, Finishes, and Dimensions. 


@ Harris HA-5135 


DESIGN INFORMATION 
Precision Operational Amplifier 


The information contained in this section has been developed through characterization by Harris Semiconductor and is for 
use as application and design aid only. These characteristics are not 100% tested and no product guarantee is implied. 


Typical Performance Curves Unless Otherwise Specified: Ta = +25°C, VguPPLY = +15V 


INPUT OFFSET VOLTAGE, INPUT BIAS AND 
OFFSET CURRENT vs. TEMPERATURE INPUT-NOISE vs. FREQUENCY 


INPUT BIAS 
CURRENT -nA 


INPUT OFFSET VOLTAGE yuV 
INPUT CURRENT NOISE pA //Hz 


INPUT NOISE VOLTAGE nV//Hz 


INPUT OFFSET 
CURRENT -nA 


OP AMPs & 
COMPARATORS 


1K 10K 
TEMPERATURE °C FREQUENCY - HZ 


INPUT BIAS CURRENT vs. DIFFERENTIAL INPUT VOLTAGE CMRR vs. FREQUENCY 


CMRR, dB 


< 
E 

' 
- 
2 
ve] 
cc 
cc 
= 
1) 
” 
< 
2) 


1K 


DIFFERENTIAL INPUT VOLTAGE-VOLTS FREQUENCY-Hz 


CLOSED LOOP FREQUENCY RESPONSE FOR 
NORMALIZED A.C. PARAMETERS vs. SUPPLY VOLTAGE VARIOUS CLOSED LOOP GAINS 


NORMALIZED AC PARAMETERS 
REFERRED TO VALUE AT t15V 
CLOSED LOOP GAIN, dB 


+g +10 +12 +14 +16 +18 +20 
SUPPLY VOLTAGE - VOLTS 


1K 10K 
FREQUENCY ,Hz 
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HA-5135 
DESIGN INFORMATION (continuea) 


The information contained in this section has been developed through characterization by Harris Semiconductor and is for 
use as application and design aid only. These characteristics are not 100% tested and no product guarantee is implied. 


Typical Performance Curves Unless Otherwise Specified: Ta = +25°C, VsuppPLy = +15V 


MAXIMUM OUTPUT VOLTAGE SWING vs. OUTPUT VOLTAGE SWING vs. FREQUENCY 
LOAD RESISTANCE AND SUPPLY VOLTAGE AND SUPPLY VOLTAGE 
35 
a ee 
| oe 
oN 


Pee SNe try 
| ge 
at 
Z| ——— Bete s3 
Ae 
VsupPLy = t5V 
OK 


1 10 100 
LOAD eae: ite 


OUTPUT VOLTAGE SWING (VOLTS p-p) 
a 


OUTPUT VOLTAGE SWING VOLTS P-P 


FREQUENCY, Hz 


SMALL SIGNAL BANDWIDTH AND PHASE MARGIN vs. 
LOAD CAPACITANCE OFFSET VOLTAGE STABILITY vs. TIME 


CONDITIONS: 
VSUPPLY = ti5V 
Tc = H10Cc 
10 


NOTE: MEASUREMENT AND 

ENVIRONMENTAL SYSTEMS 
——~| sherman es ALLOWED 12 HOUR STABILI- 
Ge eet aie See tee mais 
oer 


LOAD vie HR 


Traie cae 


PHASE MARGIN 


8 


Ba 


UNITY BANDWIDTH-MHz 
TOTAL DRIFT WITH TIME (“V) 


POWER SUPPLY CURRENT vs. TEMPERATURE 
PSRR vs. FREQUENCY AND SUPPLY VOLTAGE 


PSRR (dB) 
SUPPLY CURRENT (mA) 


TEMPERATURE (°C) 


FREQUENCY (Hz) 
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HA-5135 


DESIGN INFORMATION (continue) 


The information contained in this section has been developed through characterization by Harris Semiconductor and is for 
use as application and design aid only. These characteristics are not 100% tested and no product guarantee is implied. 


Typical Performance Information Uuniess Otherwise Specified: Ta = +25°C, Vt = +15V 


OFFSET NULLING CONNECTIONS SETTLING TIME CIRCUIT 


TO 
OSCILLOSCOPE 
OPTIONAL 
CONNECTION 
O VouT 
fe 
8 O 
g& 
Although Rr is shown equal to 20K, other values such 2kQQ. = co 
as 50K, 100K and 1M may be used. Range of a & 
adjustment is approximately +2.5mV. Vos TC of e Ay =-1 of 
the amplifier is optimized at minimal Vos. e Feedback and summing resistors should be 0.1% oO 
Tested Offset Adjustment is IVos +1mV | minimum © Clippong diodes are optional. HP5082-2810. 


referred to output. 
SETTLING TIME FOR VARIOUS OUTPUT 
OPEN LOOP FREQUENCY RESPONSE STEP VOLTAGES 


-_ 
So 


(+) a is 
: - art | 
{ ws 5 
" 3 - an 
° a] Fs 
: ; # Loli] | 
= Pu 
: Ne 58 10 ni 
° Ln ee ee a a 
& SETTLING TIME (ys) 
fe) 
1 10 100 1K 10K 100K 1M 10M 
FREQUENCY -Hz 
MEASURED SMALL SIGNAL RESPONSE 
Input Scale: (Volts: 100mV/Div.) MEASURED LARGE SIGNAL RESPONSE 
Output Scale: (Volts: 50mV/Div.) Vertical Scale: (Volts: 5V/Div) 
Time Scale: (1ps/Div.) Horizontal Scale: (Time: 5ys/Div.) 


INPUT 
INPUT = 


OUTPUT 


OUTPUT | 
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HA-5135 


DESIGN INFORMATION (continuea) 


The information contained in this section has been developed through characterization by Harris Semiconductor and is for 
use as application and design aid only. These characteristics are not 100% tested and no product guarantee is implied. 


Typical Application Information unless Otherwise Specified: Ta = +25°C, Vgypply = +15V 


PRECISION INSTRUMENTATION AMPLIFIER (Ay = 100) 


PRECISION INTEGRATOR 


The excellent inputs and gain characteristics of HA-5135/883 are well suited 
for precision integrator applications. Accurate integration over seven dec- 
ades of frequency using HA-5135/883, virtually nullifies the need for more 
expensive chopper-type amplifiers. 


ZERO CROSSING DETECTOR 


OUTPUT 
+13V 
200 us/DIV. 


Low Vog coupled with high open loop Gain, high CMRR and high PSRR 
make HA-5135/883 ideally suited for precision detector applications. 


* OPTIONAL FOR 
OUTPUT SWING 
LIMITING 


Applying the HA-5135 Operational Amplifiers 


Is 


POWER SUPPLY DECOUPLING: Although not absolutely neces- 
Sary, it is recommended that all power supply lines be decoupled 
with 0.01F ceramic capacitors to ground. Decoupling capacitors 
should be located as near to the amplifier terminals as possible. 


. CONSIDERATIONS FOR PROTOTYPING: The following list of 


recommendations are suggested for prototyping. 


e Resolving low level signals requires minimizing leakage 
currents caused by external circuitry. Use of quality insulat- 
ing materials thorough cleaning of insulating surfaces 
and implementation of moisture barriers when required is 
suggested. 


e Error voltages generated by thermocouples formed between 
dissimilar metals in the presence of temperature gradients 
should be minimized. Isolation of low level circuity from heat 
generating components is recommended. 


¢ Shielded cable input leads, guard rings and shield drivers are 
recommended for the most critical applications. 


3-336 


3. When driving large capacitive loads ( > 500pF), as small value 


resistor (~ 502) should be connected in series with output and 
inside the feedback loop. 


. OFFSET VOLTAGE ADJUSTMENT: A 20k balance potenti- 


ometer is recommended if offset nulling is required. However, 
other potentiometer values such as 10kQ, 50k and 100kN may 
be used. The minimum adjustment range for given values is +2mvV. 


. SATURATION RECOVER: Input and output saturation recovery 


time is negligible in most applications. However, care should be 
exercised to avoid exceeding the absolute maximum ratings of 
the device. 


. DIFFERENTIAL INPUT VOLTAGES: Inputs are shunted with 


back-to-back diodes and series current limiting resistors 
for overvoltage protection. The bias currents will increase 
when a _ differential voltage of 0.7 volts is exceeded. 
Refer to the “Bias current versus differential input curve. 


HA-5135 


DESIGN INFORMATION (continuea) 


The information contained in this section has been developed through characterization by Harris Semiconductor and is for 
use as application and design aid only. These characteristics are not 100% tested and no product guarantee is implied. 


TYPICAL PERFORMANCE CHARACTERISTICS 
Device Characterized at: Supply Voltage = +15V, RL = 2K, CL = 50pF, Ay = +1V/V, Unless Otherwise Specified. 


DESIGN 
PARAMETERS CONDITIONS TEMP TYPICAL LIMIT UNITS 


Offset Voltage Vom = OV Table 1 


Table 1 
Offset Voltage Drift Versus Temperature 


Table 3 pV/OC 
Bias Current Vom = OV 


V 

V 

A 
Bias Current Drift Versus Temperature 

Nn 


n 
Differential Input Resistance a ee oe 
fo = 1Hz 5°C 


Table 3 


Table 3 M 
fo = +2 


u 
m 


‘ia 


OP AMPs & 
COMPARATORS 


Input Noise Voltage Density 


Table 3 nv/ 


seen | 


2 
E 


Input Noise Current Density 


Table 3 pA/ 


Wet 
aaa 
<~ 
= 


= 
b 
Dv 


Voltage Gain Vout = +10V +25°C Table 1 MV/V 
RL = 2K 
Table 1 MV/V 


«| = 


Minimum Supply Voltage Functional Operation Only. +25°9C 
Other Parameters Will Vary. 
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iG HARRIS 


HA-513 7/883 


Ultra-Low Noise, Precision 


January 1989 Wideband Operational Amplifier 


Features 


¢ This Circuit is Processed in Accordance to Mil-Std- 
883 and is Fully Conformant Under the Provisions of 
Paragraph 1.2.1. 


e High Slew Rate 
¢ Wide Gain Bandwidth (Ay > 5) 
e Low Noise (@ 1kHz) 


14V/ys (Min) 
60MHz (Min) 
4.5nV/\/ Hz (Max) 
100uV (Max) 
¢ Low Offset Drift With Temperature .. 1.8V/°C (Max) 
e High CMRR 100dB (Min) 
e High Voltage Gain 700kV/V (Min) 


¢ Low Offset Voltage 


Applications 


¢ High Speed Signal Conditioners 

¢ Wide Bandwidth Instrumentation Amplifiers 
e Low Level Transducer Amplifiers 

e Fast, Low Level Voltage Comparators 

¢ Highest Quality Audio Preamplifiers 

e Pulse/RF Amplifiers 


Pinouts 


HA7-5137/883 (CERAMIC MINI-DIP) 
TOP VIEW 


HA4-5137/883 (CERAMIC LCC) 
TOP VIEW 


Description 


The HA-5137/883 monolithic operational amplifier features 
an suburb combination of precision D.C. and wideband 
high speed characteristics. Utilizing the Harris D.I. 
technology and advanced processing techniques, this 
unique design unites low noise precision instrumentation 
performance with high speed, wideband capability. 


This amplifier’s impressive list of features include low Vos, 
wide gain-bandwidth, high open loop gain, and high 
CMRR. Additionally, this flexible device operates over a 
wide supply range while consuming only 120mW of 
power. 


Using the HA-5137/883 allows designers to minimize 
errors while maximizing speed and bandwidth in applica- 
tions requiring gains greater than five. 


This device is ideally suited for low level transducer signal 
amplifer circuits. Other applications which can _ utilize 
the HA-5137/883’s qualities include instrumentation 
amplifiers, pulse or RF amplifiers, audio preamplifiers, and 
signal conditioning circuits. 


This device can easily be used as a design enhancement by 
directly replacing the 725, OP-25, OP-06, OP-07, OP-27 
and OP-37 where gains are greater than five. The 
HA-5137/883 is available in TO-99 Metal Can, Ceramic 8 
Pin Mini-DIP, and 20 Pin Ceramic LCC packages. 


HA2-5137/883 (METAL CAN) 
TOP VIEW 


V - (CASE) 
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Specifications HA-513 7/883 


Absolute Maximum Ratings 


Voltage Between V+ and V- Terminals. ..........eeeceeeeees 44V 
Differential Input Voltage (Note 6) ....... cee ee eee ee eee eee 0.7V 
Voltage at Either Input Terminal ............ 0. eee eee eens V+ to V- 
WIE COUITONE o occ e cfu a 01d ais cee 08 826 8H omen HERE'S ole ways BEDS 25mA 
Differential Output Current........... Full Short Circuit Protection 
Junction Temperature (Tj) .....0e.eceee cee eeeceeeeeees +1759C 
Storage Temperature Range ..............55- -659C to +150°C 
Set PONG 5 ik tale ahe caw rete cae «San ts ies ne 20 cape Comes < 2000V 
Lead Temperature (Soldering 10 S€C)..... 2... eeee eens +275°9C 


CAUTION: Absolute maximum ratings are limiting values, applied 
individually beyond which the serviceability of the circuit may be impaired. 
Functional operability under any of these conditions is not necessarily 
implied. 


Thermal Information 


Thermal Resistance Gia Bic 
Ceramic DIP Package oo. 6... series ceee 82°9C/W  25°C/W 
Coraniig LEG Package ois csc cscs cease 849C/W = 25°C/W 


Metal. Can-Package ....csnsewcccescces 989°C/W 30°C/W 
Package Power Dissipation Limit at +75°C for Ty < +175°9C 


Ceramic DIP Paka 6. orc s:0des ccc ccc cncdenwecemniiqns ks 1.22W 
Coramic LCG Paskaee iicic aces aecccs ccaveveareas dex 1.19W 
Metal CG PACKGOS « iicaiiccsddeevcsstves beendane ee ne 1.02W 
Package Power Dissipation Derating Factor Above +75°9C 
Ceramic DIP PAGRAGO fi. c cc. cacti ccwnescevcccses 12.2mW/°C 
Ceramic UCC PRCkGGG. « . ovicscc's dhs esnse'we wevtnes 11.9mW/°C 
RET COIN PRORMG ices csc cp reesvecsecesasnaes 10.2mW/°C 


Recommended Operating Conditions 
Operating Temperature Range ............6+- -55°C to +125°9C 


ViNcm < 1/2 (V+ - V-) 


Operating Supply Voltage ..........sceccccccccvccccceses +15V Ry, > 600N 


TABLE 1. D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 


Device Tested at: Supply Voltage = +15V, RSOURCE = 502, RLOAD = 100k2, VourT = OV, Unless Otherwise Specified. 


D.C. 
PARAMETERS SYMBOL CONDITIONS 
[we oT 


= "ii 


Rs = 10k, 502 
ee) 


Input Offset Voltage 


Input Bias Current 


Input Offset Current 


Common Mode Range 


V+ = 25.3V 
V-=-4.7V 


Large Signal Voltage Gain Vout = OV and +10V 


Ru = 2kN 


Vout = OV and -10V 
Ryu = 2k 


Common Mode Rejection 
Ratio 


GROUP A 
SUBGROUP 


Vio 
+CMRR AVcm = +11V 
AVcm = +10V 
-CMRR AVcm = -11V 


LIMITS 
TEMPERATURE | MIN | MAX — UNITS 


vase | 100 | 100 | 
ase - f= fm 


as il ls eset 
5 nA 


ri 
135 


= 
> 


+1259C, -55°9C 
+125°C, -55°9C 


+1259C, -55°9C 


+125°9C, -55°C 


bi 
ri 
1 


00 
00 
00 
100 


+1259C, -55°C 


CAUTION: This device is sensitive to electrostatic discharge. Proper |.C. handling procedures should be followed. 
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HA-5137/883 


TABLE 1. D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 
Device Tested at: Supply Voltage = +15V, RSQURCE = 502, RLOAD = 100kN, Vout = OV, Unless Otherwise Specified. 


D.C. PARAMETERS SYMBOL CONDITIONS TEMPERATURE 
Output Voltage Swing +VouTi | RE =2kn 11.5 


LIMITS 


GROUP A 
SUBGROUP 


UNITS 


-11.5 


-10 


Output Current 


3 


a3 re, 


3 
> 


Quiescent Power 
Supply Current 


al SAS 
REG! DRS a 

+V = +4V, -V=-15V 

Worwyve-sv [28 | ri2seo,-s890 

+V = +15V,-V =-4V 


3 
>| > 


Power Supply 
Rejection Ratio 


AVsup = 14V 


+V = +15V, -V =-18V 


+125°9C, -55°C 
+125°C,-55°C | Vip-1 


-ViQAdj 
+1259C, -559C | Vig +1 


TABLE 2. A.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 


Offset Voltage 
Adjustment 


= 


ae Ss 
<|< 


Device Tested at: Supply Voltage = +15V, RSOURCE = 502, RLOAD = 2k, CLOAD =50PF, AVCL = +10V/V, 


Unless Otherwise Specified. 
LIMITS 
UNITS 


GROUP A 
PARAMETERS SYMBOL CONDITIONS SUBGROUPS | TEMPERATURE | MIN | MAX — 


Rise & Fall Time 


VouT = 0 to +200mV Fé +25°C 
10% <TR < 90% 


+SR 

TR 

Te VouT = 0 to -200mV ¥ 3 +25°C 
10% < TF <90% 

Overshoot Vout = 0 to +200mV 

| -08 | VouT = 0 to -200mV 
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HA-5137/883 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 
Device Characterized at: Supply Voltage = +15V, RLOAD = 2kN, CLOAD = 5OpF, Ay = +5V/V, Unless Otherwise Specified. 


LIMITS 
PARAMETERS SYMBOL CONDITIONS NOTES | TEMPERATURE | MIN) | MAX | UNITS 
Average Offset VioTC | Vem=OV 1 |-55°C to +1259C uV/°C 
Voltage Drift 
Differential Input Vom =0V 1 +259C 
Resistance 


Low Frequency 0.1Hz to 10Hz +25°C UVp-p 
Peak-to-Peak Noise 


Density 


Jiz 


Rg = 202, fo = 1kHz +250C 


e 
Ss 


Input Noise Current Rs = 2MQ, fo = 10Hz +25°C 


Density 


Rg = 2M, fo = 100Hz +25°C 


Rs = 2MQ, fo = 1kHz +25°C 


GBWP | Vo = 100mV, fg = 10kHz 
Vo = 100mV, fg = 1MHz 
Full Power Bandwidth FPBW | VpEaK = 10V 


Minimum Closed Loop CLSG Ry = 2k, Cy = 50pF 
Stable Gain 


Settling Time To 0.1% for a 10V Step 
Output Resistance Open Loop 


Ts 
Quiescent Power Consumption Vout = OV, lout = OmA 


NOTES: 1. Parameters listed in Table 3 are controlled via design or process parameters and are not directly tested at final production. These parameters are 
lab characterized upon initial design release, or upon design changes. These parameters are guaranteed by characterization based upon data 
from multiple production runs which reflect lot to lot and within lot variation. 


Gain Bandwidth Product | +25°C 
+25°9C 


+25°9C 


_ 
- 


-559C to +1259C +5 


+25°9C 


+25°C 


ze 2 
adel) s] ell dalals 


-559C to +1259C 


. Full Power Bandwidth guarantee based on Slew Rate measurement using FPBW = Slew Rate/(2nVpe ax). 
. Quiescent Power Consumption based upon Quiescent Supply Current test maximum. (No load on outputs.) 


. Input Noise Voltage Density and Input Noise Current Density is sample tested on every lot. 


a & © N 


. Offset adjustment range is [ Vig (Measured) + 1MV ] minimum referred to output. 
This test is for functionality only to assure adjustment through OV. 


6. For differential input voltages greater than 0.7V, the input current must he limited to 25mA to protect 
the back-to-back input diodes. 


TABLE 4. ELECTRICAL TEST REQUIREMENTS 


Tneintecrcaireenvon@weerny [FT 
[semecapenmne 


* PDA applies to Subgroup 1 only. 


The Subgroup assignments of the parameters in these tables were patterned after Mil-M-38510/135, 
with the exception of Vio, which is Subgroups 1, 2, and 3. 
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HA-5137/883 


Test Circuit (Applies to Tables 1 and 2) 


200 1.8K 


ALL RESISTORS = + 1% (2) 
ALL CAPACITORS = + 10% (uF) 


*INCLUDES STRAY 
CAPACITANCE 
10K 


OPEN 20 , ¥ 
2 
S1 1 S3A : eis Bei 
° 3 


OPEN 20 4 


FOR LOOP STABILITY, 
USE MIN VALUE CAPACITOR 
TO PREVENT OSCILLATION 


For Op-Amp Test Circuits and Conditions, Refer to the Harris Tech Brief “HA-5137 Op-Amp Test 
Methods”. The HA-5137/883 is A.C. Tested (Table 2) at Ay = +10V/V. 
Stability at a Gain of +5 is Tested for Table 3. 


Test Waveforms 
SIMPLIFIED TEST CIRCUIT (Applies to Table 2) 


SLEW RATE WAVEFORM 


+ 0.4V + 0.4V 4 + 4.0V 
INPUT 
- 0.4V - 0.4V - 4.0V - 4.0V 
+ SR -SR 
+ 20mV 
INPUT 
OV 
Tr s+ OS 


NOTE: Measured on Both positive and negative transitions. 
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HA-513 7/883 


Burn-In Circuits 


HA7-5137/883 CERAMIC DIP 


OP AMPs & 
COMPARATORS 


HA2-5137/883 (TO-99) METAL CAN 


NOTES: 

Ry = R3 = 1kN +5%, 1/4W (Min) 

Ro = 10k +5%, 1/4W (Min) 

Cy = Cop = 0.01pF/ per Socket (Min) or 0.1 pF/per Row (Min) 
Dz = Do = IN4002 or Equivalent/Board 

| (V+) - (V-) |= 30V 
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HA-513 7/883 


Schematic Diagram 


BALANCE 


Qn20 
S R12 
q cureut 
ap34 
aP30 


R19 
QN6 
ci 


: ) 


SUBSTRATE 


ANPUT aT 


HA-5137/883 


Die Characteristics 


DIE DIMENSIONS: GLASSIVATION: 
104.3 x 65 x 19 mils Type: Silox 
(2650 x 1650 x 483 ym) Thickness: 7kA + 0.7kA 
METALLIZATION: TRANSISTOR COUNT: 63 
Type: Aluminum PROCESS: HFHB Bipolar Dielectric Isolation 
Thickness: 16kA + 2kA DIE ATTACH: 


Material: Gold/Silicon Eutectic Alloy 

Temperature: Ceramic DIP — 460°C (Max) 
Ceramic LCC — 420°C (Max) 
Metal Can — 420°C (Max) 


WORST CASE CURRENT DENSITY: 
3.6 x 105A/cm2 @15mA 
This device meets Glassivation Integrity Test 
requirement per Mil-Std-883 Method 2021 and 
Mil-M-38510 paragraph 3.5.5.4. 


SUBSTRATE POTENTIAL (Powered Up): V- 


Metallization Mask Layout 
HA-5137/883 


BAL V+ 


OUTPUT NC 


OP AMPs & 
COMPARATORS 


-V 


NOTE: Pin Numbers Correspond to 8 Pin Metal Can and Mini-DIP Package Only. 
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HA-513 7/883 


Packaging t 
8 PIN CERAMIC DIP 


.375 


395 140 245 
.005 MIN 160 | .265 | 
r 
.150 MIN 
.055 MAX 


-290 


oO 
O° 
~~ .008* 75" 
180 * .100 -OTS 
.016 BSc 
.023 
050 * * INCREASE MAX LIMIT BY .003 INCHES 
Coe MEASURED AT CENTER OF FLAT FOR 


SOLDER FINISH 


20 PAD CERAMIC LCC 


505 
-560 


10 
045 


210 


*Dimension Maximum Limits Are Increased by 0.003 inches for Solder Dip Finish 


NOTE: All Dimensions are Min , Dimensions are in inches. 
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LEAD MATERIAL: Type B 
LEAD FINISH: Type A 
PACKAGE MATERIAL: Ceramic, 90% Alumina 
PACKAGE SEAL: 

Material: Glass Frit 

Temperature: 450°C + 10°C 

Method: Furnace Seal 
INTERNAL LEAD WIRE: 

Material: Aluminum 

Diameter: 1.25 Mil 

Bonding Method: Ultrasonic 
COMPLIANT OUTLINE: 38510 D-4 


PAD MATERIAL: Type C 
PAD FINISH: Type A 
FINISH DIMENSION: Type A 
PACKAGE MATERIAL: Ceramic, 90% Alo03 
PACKAGE SEAL: 
Material: Gold/Tin (80/20) 
Temperature: 320°C + 10°C 
Method: Furnace Braze 
INTERNAL LEAD WIRE: 
Material: Aluminum 
Diameter: 1.25 Mil 
Bonding Method: Ultrasonic 
COMPLIANT OUTLINE: 38510 C-2 


LEAD MATERIAL: Type A 
LEAD FINISH: Type C 
PACKAGE MATERIAL: Kovar Header with 
Nickel Can 
PACKAGE SEAL: 
Material: No Seal Material 
Temperature: Room Temperature 
Method: Resistance Weld 
INTERNAL LEAD WIRE: 
Material: Aluminum 
Diameter: 1.25 Mil 
Bonding Method: Ultrasonic Bonded 
COMPLIANT OUTLINE: 38510 A-1 


t Mil-M-38510 Compliant Materials, Finishes, and Dimensions. 


@ Harris HA-5137 


DESIGN INFORMATION Ultra-Low Noise, Precision 
Wideband Operational Amplifier 


The information contained in this section has been developed through characterization by Harris Semiconductor and is for 
use as application and design aid only. These characteristics are not 100% tested and no product guarantee is implied. 


Typical Performance Curves Unless Otherwise Specified: Ta = +25°C, VguppLy = 15V 
OFFSET VOLTAGE TYPICAL DRIFT vs. TEMPERATURE NOISE CHARACTERISTICS 
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GAIN (dB) 


DESIGN INFORMATION (continueg) 


HA-5137 


The information contained in this section has been developed through characterization by Harris Semiconductor and is for 
use as application and design aid only. These characteristics are not 100% tested and no product guarantee is implied. 


Typical Performance Curves unless Otherwise Specified: Ta = +25°C, Vgyppty = +15V 


PSRR vs. FREQUENCY 
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CLOSED LOOP GAIN AND PHASE vs. FREQUENCY 


100 10K 100K 10M 


FREQUENCY (Hz) 


SUPPLY CURRENT vs. TEMPERATURE 
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GAIN (dB) 


SLEW RATE 
NORMALIZED TO 1 AT 300 
6 


OPEN LOOP GAIN AND PHASE vs. FREQUENCY 
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DESIGN INFORMATION (continuea) 


The information contained in this section has been developed through characterization by Harris Semiconductor and is for 
use as application and design aid only. These characteristics are not 100% tested and no product guarantee is implied. 


Typical Performance Information Unless Otherwise Specified: Ta = +25°C, Vsyppiy = +15V 


SUGGESTED OFFSET VOLTAGE ADJUSTMENT 


Tested Offset Adjustment Range is | Vos +mV | minimum referred to output. Typical Range is +4mV with Ry = 10k. 


OP AMPs & 
COMPARATORS 


LARGE AND SMALL SIGNAL RESPONSE TEST CIRCUIT 
(Ay = +5) 


MEASURED SMALL SIGNAL RESPONSE 
Vertical Scale: (Volts: Input = 20mV/Div) 
(Volts: Output = 100mV/Div.) 
Horizontal Scale: (Time: 100ns/Div.) 


MEASURED LARGE SIGNAL RESPONSE 


Vertical Scale: (Volts: Input = 1V/Div.) 
(Volts: Output = 5V/Div.) 
Horizontal Scale: (Time: 1s/Div.) 


INPUT 


OUTPUT 2 
OUTPUT # 
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DESIGN INFORMATION (continuea) 


The information contained in this section has been developed through characterization by Harris Semiconductor and is for 
use as application and design aid only. These characteristics are not 100% tested and no product guarantee is implied. 


Typical Performance Information Unless Otherwise Specified: Ta = +25°C, Vsyppiy = +15V 


SETTLING TIME TEST CIRCUIT 
' O15 


2N4415 


~ TO 
OSCILLOSCOPE 


e Ay =-5 
e Feedback and summing resistors should be 0.1% 2KQ 
@ Clipping diodes are optional. HP5082-2810 

recommended 


SUGGESTED STABILITY CIRCUITS 


Ri 


Low resistances are preferred for low noise applications as a 1k resistor has 4nV/\/Hz of thermal noise. Total resistances 
of greater than 10k. on either input can reduce stability. In most high resistance applications, a few picofarads of capaci- 
tance across the feedback resistor will improve stability. 


0.1Hz TO 10Hz NOISE WITH Ayc_= 25,000V/V 
Horizontal Scale = 1sec/Div. 
Vertical Scale = 0.002uV/Div. 
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DESIGN INFORMATION (continued) 


The information contained in this section has been developed through characterization by Harris Semiconductor and is-for 
use as application and design aid only. These characteristics are not 100% tested and no product guarantee is implied. 


TYPICAL PERFORMANCE CHARACTERISTICS 
Device Characterized at: Supply Voltage = +15V, RL = 2k, Cy = 50pF, Unless Otherwise Specified. 


| raanerens | ———conomons | reue_| ymca | “tr | uns 
PARAMETERS CONDITIONS TEMP TYPICAL LIMIT UNITS 
a 


Voltage Gain VouT = +10V +25°9C Table1 MV/V 
Full Table 1 


Offset Voltage Vom = OV 


Offset Voltage Drift. 


Input Noise Voltage 


Input Noise Current 


od 
ho 


Settling Time 10V to 0.1% +25°0C 
10V to 0.01% +25°9C 


Minimum Supply Voltage Functional Operation Only. +25°9C 
Other Parameters Will Vary. 
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iG HARRIS 


HA-5141/883 


Single, Ultra-Low Power 


January 1989 Operational Amplifier 


Features 


e This Circuit is Processed in Accordance to Mil-Std- 
883 and is Fully Conformant Under the Provisions of 
Paragraph 1.2.1. 

¢ Low Supply Current @ Vg = +5V ..(+25°C) 80yA (Max) 

(Full) 100uA (Max) 
Single 3V to 30V 

or Dual +1.5 to +15V 
+S.R. 0.8V/us (Min) 
1.5V/us (Typ) 

20kV/V (Min) 

75kV/V (Typ) 


@ Low Noise (1kHz) 20nV/\/Hz (Typ) 
e 100% Tested at +15V and OV, +5V Power Supplies 
e Unity Gain Stable 

e Dielectric Isolation 


e Wide Supply Voltage Range 
e High Slew Rate 


e High Gain 


Applications 


e Portable Instruments 

e Meter Amplifiers 

® Telephone Headsets 

e Microphone Amplifiers 

e Instrumentation 

e For Further Design Ideas See App. Note 544 


Pinouts 


HA7-5141/883 (CERAMIC MINI-DIP) 
TOP VIEW 


HA4-5141/883 (CERAMIC LCC) 


Description 


The HA-5141/883 single, ultra-low power operational 
amplifier provide AC and DC performance characteristics 
similar to, or better than most general purpose amplifiers 
while only drawing 1/30 of the supply current of most 
general purpose amplifiers. This amplifier is well suited to 
applications which require low power dissipation and good 
electrical characteristics. 


The HA-5141/883 provides accurate signal processing by 
virtue of their low input offset voltage (6mV), low input bias 
current (100nA), high open loop gain (20kV/V) and low 
noise (20nV/\/Hz). These characteristics coupled with a 
1.5V/us slew rate and a 24kHz bandwidth make the 
HA-5141/883 ideal for use in low power instrumentation, 
audio amplifier and active filter designs. The wide range of 
supply voltages (3V to 30V) also allow these amplifier and 
active filter designs. The wide range of supply voltages (3V 
to 30V) also allow these amplifiers to be very useful in low 
voltage battery powered equipment. 


The HA-5141/883 offers tested specifications at both 
single ended levels (OV, +5V) and dual supplies (+15V). 
Packaging is offered in the Ceramic Mini-DIP, 20 pad 
Ceramic LCC or 8 pin (TO-99) Metal Can, and operation is 
specified at the full military -55°C to +125°C temperature 
range. 


HA2-5141/883 (METAL CAN) 
TOP VIEW 
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Specifications HA-5141/883 


Absolute Maximum Ratings Thermal Information 
Voltage Between V+ and V- Terminals..........000eee eee eee 35V__— Thermal Resistance Bia Bic 
Differential InputVoltages .s 6 o's os eiees ele DS ee eee we’ 7V Ceramic DIP Package.......2.sc.ceccee. 83°C/W 28°9C/W 
Voltage at Either Input Terminal .............2 cee ee eeee V+ to V- Ceramic LCC Package .............06. 749C/W = 20°C/W 
erie GORE a ies an snakes a ie oe Full Short Circuit Protection Metal Can Package ...........eeeeeeee 1499C/W 45°C/W 
Quiput Current Duration so. . eneapie pg rwreniganies ds ayer Indefinite, | Package Power Dissipation Limit at +75°C For Ty < +175°C 
One Amplifier Shorted to Ground Gere Pat OOOO oo aioe ev cles chek eseas Geek vines. 1.21W 
Junction Temperature (Ty) .....ccccensencccccccccceces +175°C CPI Gr ee OES bc 5 oe die g's, Bice so oa vena 0 din en dere 1.34W 
Storage Temperature Range ...........+.+-+- -65°C to +150°C Migtal Can REGNOUS sich. n ss 2040s vdewns sete ods weaken 670mW 
SORBED 6 nics oer vid 50 6 Sole Fo Opa d a GU RM be fe conan <2000V Package Power Dissipation Derating Factor Above +75°C 
Lead Temperature (Soldering 10 sec). ...........eeeeees +275°9C Geramie DIP-Package-iie. ois veces ccc ccc cee cenees 12.1mW/°C 
CAUTION: Absolute maximum ratings are limiting values, applied Ceramic LCC Package ......+---+seeeeeeeeeeeees 13.4mW/°C 
individually beyond which the serviceability of the circuit may be impaired. Metal Can Package .......-. sees ee cece ence eens 6.7mW/°C 
Functional operability under any of these conditions is not necessarily 
implied. 


Recommended Operating Conditions 


Operating Temperature Range ...........+++. -559C to+1259C = Vincm < 1/2 (V+ - V-) 
Operating Supply Voltage.............0cc00.00ceccee08 +1.5Vto+15V Ry > 50k 
or 3V to 30V 


TABLE 1. D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 


Device Tested at: RSOURCE = 1002, RLOAD = 500k, Vout = OV, Unless Otherwise Specified. 
Subscript 1 Refers to Supply Voltages (Vs) = +15V, Subscript 2 Refers to +Vs = 5.0V, -Vg = 0.0V. 


| LIMITS 
GROUP A 2 
D.C. PARAMETERS SYMBOL CONDITIONS SUBGROUP | TEMPERATURE wins UNITS 


OP AMPs & 
COMPARATORS 


s 


=] = = = | = | S =] 


Vio2 


2 
< 


=) 
> 


-100 


+1259C,-559C .| -125 


+1259C, -55°C -125 


+125°9C, -55°C -125 


+Rs = 1009 


Input Bias Current B 100 


—_ 


> 


125 


Vom =0V 
+Rs = 100 
-Rs = 10k 


-IB1 
125 


Vom = OV, VouT = 1.4V 100 
+Rs = 10kN 


-Rg = 1009 


+IBo 


= 


+Rs = 10kN 
-Rg = 10k9 +125°C, -55°C 


+125°9C, -55°C 


CAUTION: This device is sensitive to electrostatic discharge. Proper |.C. handling procedures should be followed. 


= 


Input Offset Current 


= | 


Vom = OV, VouT = 1.4V 
+Rs = 10kN 
-Rs = 10kN 


Common Mode Range +CMR4 
-CMRj4 


V+ = 5V to 2V 
V- = OV to-3V 
Vout = 1.4V to -1.6V 


+CMRo2 
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Specifications HA-5141/883 


TABLE 1. D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


Device Tested at: RSOURCE = 1002, RLOAD = 500k, VoyT = OV, Unless Otherwise Specified. 
Subscript 1 Refers to Supply Voltages (+Vs) = +15V; Subscript 2 Refers to +Vs = 5.0V, -Vs = 0.0V. 


LIMITS 
D.C. PARAMETERS SYMBOL CONDITIONS TEMPERATURE | in | MAX UNITS 


Large Signal +AyoLi1 | VouT = OV and 10V +25°C kV/V 
Voltae Gain R_ = 50kN 
kV, 


GROUP A 
SUBGROUP 


+1259C, -559C 


Bi 


Vout = OV and -10V +250C kV/V 


Ry = 50kN 


-AVOL1 


+125°9C, -55°C 15 kV/V 


VoutT = 1.4V and 2.5V +25°9C kV/V 


RL = 50k. 


t+AVOL2 


+1259C, -55°C kV/V 


Common Mode +CMRR4 +25°C 


Rejection Ratio 


+125°C, -55°C 


-CMRR, +25°C 


+1259C, -559C 


2,3 +1259C, -55°9C 


+CMRRo2 | AVcom = OV to 3V 


+V = 2V 
-V =-3V 
VouT = -3V 


Output Voltage Swing +VouTi | RL =50kn one +25°C 


+1259C, -559C 


+1259C, -55°9C 


Terminated at 2.5V 
+1259C, -55°C 


7 


ba | 


1 


(2) 


+VOuT2 
3.5 


fe 


od ' 
F = ru 


Terminated at 2.5V 
H12500,-6500 | 
Supply Current 
| 23 | +12500,-s5ec | -200 | - [ua 
Rejection Ratio +V = 10V, -V = -15V 
+V = 15V, -V=-10V 
+V = 5V,-V =OV 


HA-5141/883 


TABLE 2. A.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 


Device Tested at: RSQURCE = 502, RLOAD = 50k, CLOAD = 50PF, VouT = OV, Unless Otherwise Specified. 
Subscript 1 Refers to Supply Voltages (+Vs) = +15V; Subscript 2 Refers to +Vs = 5.0V, -Vs = 0.0V. 


LIMITS 
PARAMETERS SYMBOL CONDITIONS TEMPERATURE UNITS 


Slew Rate +SR4 VouT = -3V to 3V V/us 
VIN S.R. < 10V/us @ Ay = 1 
-SR4 Vout = 3V to -3V +25°9C 
Vin S.R. < 10V/us @ Ay = 1 
+SRo2 Vout = OV to 3V +25°9C 
Vin S.R. < 10V/us @ Ay = 1 
-SRo VouT = 3V to OV 
Vin S.R. < 10V/us @ Ay = 1 


GROUP A 
SUBGROUP 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


Device Tested at: RSQURCE = 502, RLOAD = 50k, CLOAD = 5OPF, Ay = 1V/V, Unless Otherwise Specified. 
Subscript 1 Refers to Supply Voltages (+Vs) = +15V; Subscript 2 Refers to +Vs = 5.0V, -Vs = 0.0V. 


PARAMETERS SYMBOL CONDITIONS NOTES TEMPERATURE | MIN | MAX | U 


FPBWo VPEAK =1.1V +25°9C 115.8 
Vref = 2.5V 
Minimum Closed Loop CLSG Ri = 50k, Cy = 50pF 1 -559C to +125°C 
Stable Gain 


Vout = OV, lout = OmA -559C to +125°9C Pee 
Vout = 1.4V, lout = OmA -559C to +125°C = 


NOTES: 1. Parameters listed in Table 3 are controlled via design or process parameters and are not directly tested at final production. These parameters are 
lab characterized upon initial design release, or upon design changes. These parameters are guaranteed by characterization based upon data 
from multiple production runs which reflect lot to lot and within lot variation. 


OP AMPs & 
COMPARATORS 


Quiecent 
Power Consumption 


2. Full Power Bandwidth guarantee based on Slew Rate measurement using FPBW = Slew Rate/(2nVpe aK). 


3. Quiescent Power Consumption based upon Quiescent Supply Current test maximum. (No load on outputs.) 


TABLE 4. ELECTRICAL TEST REQUIREMENTS 


MIL-STD-883 TEST REQUIREMENTS SUBGROUPS (SEE TABLES 1 & 2) 


1,2,3,4,5,6 
1 


* PDA applies to Subgroup 1 only. 
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HA-5141/883 


Test Circuit (Applies to Tables 1 and 2) 


ACOuT 


<j oV1 


10K 500K FOR LOOP STABILITY, 
USE MIN VALUE CAPACITOR 
TO PREVENT OSCILLATION 
OPEN 20 , 
a Sr Bo 
OPEN 20 4 1 $5 S7 OPEN 9 S8 
$2 2 OPEN1 92/3 1 t V VV 
10K Cy) 2 
50K 10K 
100} $100 Vac 0.1 }1 > 
50 EouT 
\/ \/ A 
re - VEE 
50K : 


ALL RESISTORS = + 1% (@) 
ALL CAPACITORS = + 10% (uF) 


For Detailed Information, Refer to HA-5141/883 Test Tech Brief 


Test Waveforms 
SIMPLIFIED TEST CIRCUIT (Applies to Table 2) 


IN 
OUT 


502 50k2. SOpF 


NOTE: +Vsuppiy (+Vs) Tested with +15V and OV, +5V. Vin, Slew Rate 
Maintained with Less Than 10V/us Input for Voltage Follower Configuration. 


SLEW RATE WAVEFORMS, Ay = 1V/V 


+Vsuppty= + 15V 


+ 3.0V + 3.0V + a + 3.0V 
INPUT 
- 3.0V - 3.0V - 3.0V - 3.0V 
+Vsuppty= °Y: -VYsuppty= °V 
+ 3.0V + 3.0V + 3.0V + 3.0V 
INPUT 
OV OV OV OV 
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HA-5141/883 


Burn-In Circuits 


HA7-5141/883 CERAMIC DIP 


HA4-5141/883 CERAMIC LCC 


OP AMPs & 
COMPARATORS 


HA2-5141/883 TO-99 METAL CAN 
+V 


NOTES: 

Ry = 1MQ, +5%, 1/4W (Min) 
Cy = Co = 0.01yF/Socket (Min) or 0.11F/Row, (Min) 
C3 = 0.01pnF/Socket, 10% (Not Required) 

Dy = Do = IN4002 or Equivalent/Board 

| (V+) - (V-) |= 30v 
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HA-5141/883 


pe 


2.5K 
R14 
; Ed eeu 
Pres i: 
ib CK 
oe ee 
yk a 06 \/ © OUTPUT 
+IN es 
a1 
Y aS 
wy) 


2.5K 
R17 


Schematic Diagram 


ALL RESISTORS = (2) 
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HA-5141/883 


Die Characteristics 


DIE DIMENSIONS: GLASSIVATION: 
53.1 x 58.7 x 19 mils Type: Nitride 
(1350 x 1490 x 483 pm) Thickness: 7kA + 0.7kA 
METALLIZATION: TRANSISTOR COUNT: 36 
is dee Ee or PROCESS: HFSB Bipolar/JFET Dielectric Isolation 
oe ee DIE ATTACH: 
WORST Cus ere DENSITY: Material: Gold/Silicon Eutectic Alloy 
0.6 x 10°A/cm= @ 2.5mA Temperature: Ceramic DIP — 460°C (Max) 
SUBSTRATE POTENTIAL (Powered Up): V- Ceramic LCC — 420°C (Max) 


Metal Can — 420°C (Max) 


Metallization Mask Layout 


HA-5141/883 


-IN 


OP AMPs & 
COMPARATORS 


+IN 


-V 


NOTE: Pad Numbers Refer to 8 Pin Ceramic Mini-DIP or Metal Can Package Pinouts Only. 
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HA-5141/883 


Packaging t 


8 PIN CERAMIC DIP 


375 
395 140 
Pile. .245 

.005 Ae 160 | .265 


.200 MAX 
PE 


1 
015 150 MIN 290 
060 310 fi 
125 .055 MAX ~~“, .008* 15" 
-180 x .100 .015 
016 Mes 
023 
050 * « INCREASE MAX LIMIT BY .003 INCHES 
eee MEASURED AT CENTER OF FLAT FOR 
-065 SOLDER FINISH 


20 PAD CERAMIC LCC 


505 
-560 


10 
045 


210 


*Dimension Maximum Limits Are Increased by 0.003 inches for Solder Dip Finish 


NOTE: All Dimensions are Min , Dimensions are in inches. 
Max 
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LEAD MATERIAL: Type B 
LEAD FINISH: Type A 
PACKAGE MATERIAL: Ceramic, 90% Alumina 
PACKAGE SEAL: 

Material: Glass Frit 

Temperature: 450°C + 10°C 

Method: Furnace Seal 
INTERNAL LEAD WIRE: 

Material: Aluminum 

Diameter: 1.25 Mil 

Bonding Method: Ultrasonic 
COMPLIANT OUTLINE: 38510 D-4 


PAD MATERIAL: Type C 
PAD FINISH: Type A 
FINISH DIMENSION: Type A 
PACKAGE MATERIAL: Ceramic, 90% Alg03 
PACKAGE SEAL: 
Material: Gold/Tin (80/20) 
Temperature: 320°C + 10°C 
Method: Furnace Braze 
INTERNAL LEAD WIRE: 
Material: Aluminum 
Diameter: 1.25 Mil 
Bonding Method: Ultrasonic 
COMPLIANT OUTLINE: 38510 C-2 


LEAD MATERIAL: Type A 
LEAD FINISH: Type C 
PACKAGE MATERIAL: Kovar Header with 
Nickel Can 
PACKAGE SEAL: 
Material: No Seal Material 
Temperature: Room Temperature 
Method: Resistance Weld 
INTERNAL LEAD WIRE: 
Material: Aluminum 
Diameter: 1.25 Mil 
Bonding Method: Ultrasonic Bonded 
COMPLIANT OUTLINE: 38510 A-1 


t Mil-M-38510 Compliant Materials, Finishes, and Dimensions. 
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DESIGN INFORMATION Single, Ultra-Low Power 
Operational Amplifier 


The information contained in this section has been developed through characterization by Harris Semiconductor and is for 
use as application and design aid only. These characteristics are not 100% tested and no product guarantee is implied. 


Typical Performance Curves Unless Otherwise Specified: Ta = +25°C, Vsyppry = +15V 


INPUT OFFSET CURRENT AND BIAS CURRENT vs. 
OPEN LOOP FREQUENCY RESPONSE TEMPERATURE 


rc - Se Bigeenlr rece 

Si etc AU ME SSE 
SARE a ee 

01 0 A A a 

ci eee ar a a a 


[los] (nA) 


im oe | 


Con MS iwc, 
aa ae ae ssssnoctonts 
SDL ee iis 
A lS 60-40-20 a 6080 100 120 
CUTTIN TERM TAT TT LT AT 1000 "rewenarune (Ce) 
1M 


10K 
sicbiecy (Hz) 


OPEN LOOP VOLTAGE GAIN (dB) 


OP AMPs & 
COMPARATORS 


BANDWIDTH AND PHASE MARGIN vs. NORMALIZED AC PARAMETERS vs. 
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HA-5141 


DESIGN INFORMATION (continued) 


The information contained in this section has been developed through characterization by Harris Semiconductor and is for 
use as application and design aid only. These characteristics are not 100% tested and no product guarantee is implied. 


Typical Performance Curves unless Otherwise Specified: Ta = +25°C, Vgyppiy = £15V 


MAXIMUM OUTPUT VOLTAGE SWING vs. 
INPUT NOISE vs. FREQUENCY LOAD RESISTANCE AND SINGLE SUPPLY VOLTAGE 
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INPUT NOISE CURRENT (10-15 A/\/Hz ) 


OUTPUT VOLTAGE SWING (VOLTSp-_p) 


4 
100 1K 10K 100K 
LOAD RESISTANCE (OHMS) 


POWER SUPPLY CURRENT vs. 
PSRR AND CMRR vs. FREQUENCY TEMPERATURE AND SINGLE SUPPLY VOLTAGE 
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DESIGN INFORMATION (continueg) 


The information contained in this section has been developed through characterization by Harris Semiconductor and is for 
use aS application and design aid only. These characteristics are not 100% tested and no product guarantee is implied. 


Typical Performance Curves Unless Otherwise Specified: Ta = +25°C, Vguppiy = +15V 


MEASURED LARGE SIGNAL RESPONSE 
Vertical Scale: (Volts: Input = 5V/Div.; Output = 2V/Div.) 
Horizontal Scale: (Time: 2ys/Div.) 


OUTPUT 


+VSUPPLY = +15V, -VSUPPLY = ~15V 


MEASURED LARGE SIGNAL RESPONSE 
Vertical Scale: (Volts: Input = 2V/Div.; Output = 1V/Div.) 
Horizontal Scale: (Time: 5ys/Div.) 


INPUT 


OUTPUT 


+VSUPPLY = +5V, -VSUPPLY = OV 


MEASURED SMALL SIGNAL RESPONSE 
Vertical Scale: (Volts: Input = 100mV/Div.; Output = 50mV/Div.) 
Horizontal Scale: (Time: 2us/Div.) 


TSGal 


INPUT | 


OUTPUT | 


+VSUPPLY = +15V, -VSUPPLY = -15V 


MEASURED SMALL SIGNAL RESPONSE 
Vertical Scale: (Volts: Input = 100mV/Div.; Output = 50mV/Div.) 
Horizontal Scale: (Time: 5ys/Div.) 


188n¥ 


INPUT | 


OUTPUT | 


+VSUPPLY = +5V, -VSUPPLY = OV 
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HA-51417 


DESIGN INFORMATION (continuea) 


The information contained in this section has been developed through characterization by Harris Semiconductor and is for 
use as application and design aid only. These characteristics are not 100% tested and no product guarantee is implied. 


TYPICAL PERFORMANCE CHARACTERISTICS 
Device Characterized at: Supply Voltage = OV, 5 to +15V, Ri = 50k, Cy = 50pF, Unless Otherwise Specified. 


DESIGN 
PARAMETERS CONDITIONS TEMP TYPICAL LIMIT UNITS 


Offset Voltage Drift Versus Temperature nee uV/°C 


see 
a eee 


-55°C Table 1 nA 
Offset Current Vom = OV Full eg ee Table 1 
Differential Input Resistance 


Input Noise Voltage 


ce 
nN 
oi 
[e) 
1?) 


Input Noise Current 


Large Signal Voltage Gain 


a 
v8 
no ae ee 
TF in 
aaa | vin 
ae a Tin 


+ Slew Rate Vs = OV, 5V 


- Slew Rate Vs = OV, 5V to +15V 


+ lQuT 


IOUT 


Fall Time Vs = £15V, Vo = -200mV 


Supply Current Vs = OV, 5V 
Vs = +15V 


asc | oe | ea | =m 


+125°C 


Full 


& 
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HA-5142/883 


Dual, Ultra-Low Power 


January 1989 Operational Amplifier 


Features 


e This Circuit is Processed in Accordance to Mil-Std- 
883 and is Fully Conformant Under the Provisions of 
Paragraph 1.2.1. 


e Low Supply Current @ Vs = +5V . . (+25°C) 160yA (Max) 
(Full) 200uA (Max) 


Single 3V to 30V 
or Dual +1.5 to +15V 


+S.R. 0.8V/us (Min) 
1.5V/us (Typ) 
20kV/V (Min) 
75kV/V (Typ) 

e Low Noise (1kHz) 20nV/,\/Hz (Typ) 

e 100% Tested at +15V and OV, +5V Power Supplies 

e Unity Gain Stable 

© Dielectric Isolation 


e Wide Supply Voltage Range 
e High Slew Rate 


© High Gain 


Applications 


e Portable Instruments 

e Meter Amplifiers 

e Telephone Headsets 

e Microphone Amplifiers 

e Instrumentation 

e For Further Design Ideas See App. Note 544 


Pinouts 


HA7-5142/883 (CERAMIC MINI-DIP) 
TOP VIEW 


HA4-5142/883 (CERAMIC LCC) 


Description 


The HA-5142/883 dual, ultra-low power operational 
amplifier provide AC and DC performance characteristics 
similar to, or better than most general purpose amplifiers 
while only drawing 1/30 of the supply current of most 
general purpose amplifiers. This amplifier is well suited to 
applications which require low power dissipation and good 
electrical characteristics. 


The HA-5142/883 provides accurate signal processing by 
virtue of their low input offset voltage (6mV), low input bias 
current (100nA), high open loop gain (20kV/V) and low 
noise (20nV/\/Hz). These characteristics coupled with a 
1.5V/us slew rate and a 24kHz bandwidth make the 
HA-5142/883 ideal for use in low power instrumentation, 
audio amplifier and active filter designs. The wide range of 
supply voltages (3V to 30V) also allow these amplifier and 
active filter designs. The wide range of supply voltages (3V 
to 30V) also allow these amplifiers to be very useful in low 
voltage battery powered equipment. 


The HA-5142/883 offers tested specifications at both 
single ended levels (OV, +5V) and dual supplies (+15V). 
Packaging is offered in the Ceramic Mini-DIP, 20 pad Ce- 
ramic LCC or 8 pin (TO-99) Metal Can, and operation is 
specified at the full military -55°C to +125°C temperature 
range. 


HA2-5142/883 (METAL CAN) 
TOP VIEW 
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Specifications HA-5142/883 


Absolute Maximum Ratings 


Voltage Between V+ and V- Terminals..................000. 35V 
Diflerential nputwonege 50. c S252. cece cece ec eccanes 7V 
Voltage at Either Input Terminal ........................ V+ to V- 
CEBU SC ates nc usc se hee sek Full Short Circuit Protection 
Cuore: Divan) ...2.cscieeee Ae oe Indefinite, 

One Amplifier Shorted to Ground 
RINGHON TemiperatrOlT. |) -..kicd'es ds eee ald vse wes aoe +175°9C 
Storage Temperature Range ................. -65°C to +150°C 
Real) PENA otis daca rio dine hsap cE daaidis <c Du Se Rianed <2000V 
Lead Temperature (Soldering 10 sec)..............0005- +275°C 


CAUTION: Absolute maximum ratings are limiting values, applied 
individually beyond which the serviceability of the circuit may be impaired. 
Functional operability under any of these conditions is not necessarily 
implied. 


Thermal Information 


Thermal Resistance Sia Bic 
Ceramic DIP Package................. 82°C/W  26°9C/W 
Ceramic LCC Package ................ 74°9C/W 20°C/W 


Metal Can Package ................05- 1119C/W = 33°9C/W 
Package Power Dissipation Limit at +75°C For Ty < +175°9C 


Ceramic DIP Package... ic. vis ccs cidade woe os taggemens 1.22W 
CGIOMIC LGC PACeROG ods ccc da caw es candecee ne cdeteers 1.35W 
Metal Gan Package ss sic a /a. sic 0s ASG EES Sale De aSek" 670mW 
Package Power Dissipation Derating Factor Above +75°9C 
Ceramic OIF Package so. esc ssec oc ou wan geldh on Gay 12.2mW/°C 
Cateamic OC Pacmag oa) 50% spike dew ban avien 13.5mW/°C 
Rte RSE PACK EEO 5. 5 seis cs cise oRcneen seuss tows cme 6.7mW/°C 


Recommended Operating Conditions 


Operating Temperature Range ............... -559C to +125°9C 
Operating Supply Voltage ................ce ee aee +1.5V to +15V 
or 3V to 30V 


Ry > 50kN 


TABLE 1. D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 


Device Tested at: RSQOURCE = 1002, RLOAD = 500k, VoyT = OV, Unless Otherwise Specified. 


Subscript 1 Refers to Supply Voltages (+Vs) = +15V, Subscript 2 Refers to +Vs = 5.0V, -Vs = 0.0V. 


D.C. PARAMETERS SYMBOL 


Input Offset Voltage 


CONDITIONS 


Input Bias Current 


Vom =0V 
+Rs = 10kN 
-Rs = 1002 


+Rs = 10kN 
-Rs = 1002 


+Rs = 1009 
-Rs = 10kN 


Input Offset Current 


+Rg = 10kN 
-Rs = 10kN 


Common Mode Range 


V+ = 5V to 2V 
V- = OV to-3V 
VOUT = 1.4V to -1.6V 


ViO1 Vom = OV 


Vom = OV, VouT = 1.4V 


Vom = OV, VouT = 1.4V 


Vom = OV, VouT = 1.4V 


LIMITS 


GROUP A 
SUBGROUP 


V 
nA 


TEMPERATURE 
+259C 

2,3 +125°C, -559C 
+25°9C 

+1259C, -55°C 
+25°9C 


100 


+125°C, -55°9C 
+25°9C 


125 


> 


100 


3 
> 


+1259C, -55°9C 


+25°9C 


= 
io) 
Oo 
= 

> 


3 +125°C, -55°C 


+25°9C 


-125 


> 


n 


=] = 


Fe 


2,3 +1259C, -55°9C 


+25°C 


-125 125 


—_ 


+125°9C, -55°C 
+259C 


a] = | =] 


+125°9C, -55°C 
+25°9C 


2:3 +1259C, -55°9C 
+25°9C 


+1259C, -55°C 


+25°9C 


+1259C, -55°0C 


CAUTION: This device is sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
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Specifications HA-5142/883 


TABLE 1. D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


Device Tested at: RSOURCE = 1002, RLOAD = 500k, VouT = OV, Unless Otherwise Specified. 
Subscript 1 Refers to Supply Voltages (tVs) = +15V; Subscript 2 Refers to +Vs = 5.0V, -Vs = 0.0V. 


GROUP A 
D.C. PARAMETERS SYMBOL CONDITIONS SUBGROUP | TEMPERATURE 


Large Signal +AyoL1 | Vout = 0Vand 10V 
Voltae Gain Ry = 50kN 
: L +125°C, -55°C 
-AVOL1 


+AVOL2 


+1259C, -55°9C 15 

+CMRR 

-CMRR4 
-V=-3V 


+1259C, -55°C 15 
+CMRRo2 
VouT = -3V 


n 
+VouT1 | RE =50kn 
+125°C, -55°C 


+1259C,-55°C | 77 
4+1250C, -55°C eae 
4+1250C, -55°C , oe 
+1259C, -550C eeeeoti 
— 
“C1 
+lcoc2 


+PSRR 1 


+1259C, -55°C eae 
-PSRR4 
+PSRRo 


LIMITS 


UNITS 


kV/V 
kV, 
V, 
V, 
kV, 
V, 


VouT = OV and -10V 
Ri = 50kN 


a 


VouT = 1.4V and 2.5V 
Ri = 50kn. 


= 


x 


Common Mode 
Rejection Ratio 


+V = 25V 
-V =-5V 


+1259C, -559C ris 


+125°C, -559C a7 


Vout = 10V 


AVcom = OV to 3V 
+V=2V 


x 


[VN 
Sa 
ied 
ol 


Output Voltage Swing 


Ryu = 50kN 
Terminated at 2.5V 


<|}<]|]<]| <| <<] <[< 


Ri = 50k2 
Terminated at 2.5V 


Quiescent Power Supply yu 


Current (Both Amplifiers) 


PPL: 


a3 +125°C, -55°C 
: 


ae +125°C, -55°9C 


VouT = 1.4V 
louT = OmA 


1 +25°9C 


+1259C, -55°C TT 
7 
+125°9C, -55°C 77 
+125°C, -55°C 77 
+125°9C, -55°C 


AVsup = 10V 
+V = 10V,-V = -15V 
+V = 20V, -V = -15V 


Power Supply 
Rejection Ratio 


AVsup = 10V 
+V = 15V, -V=-10V 
+V = 15V, -V = -20V 


AVsup = 10V 
+V = 5V,-V =0V 
+V = 15V, -V =OV 


—_ 


Channel Separation 
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HA-5142/883 


TABLE 2. A.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 


Device Tested at: RSQURCE = 502, RLOAD = 50k, CLOAD = 50PF, VouT = OV, Unless Otherwise Specified. 
Subscript 1 Refers to Supply Voltages (+Vs) = +15V; Subscript 2 Refers to +Vs = 5.0V, -Vs = 0.0V. 


LIMITS 
GROUP A 
PARAMETERS SYMBOL CONDITIONS SUBGROUP TEMPERATURE MIN. | MAX. UNITS 

Slew Rate +SR4 VOUT = -3V to 3V +25°C V/us 
VIN S.R. < 10V/us @ Ay = 1 

VoutT = 3V to -3V +25°9C V/s 
Vin S.R. < 10V/us @ Ay = 1 

+SRo2 VouT = OV to 3V +25°9C V/us 
Vin S.R. < 10V/us @ Ay = 1 

VouT = 3V to OV +25°C V/us 
VIN S.R. < 10V/ps @ Ay = 1 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


Device Tested at: RgoURCE = 502, RLOAD = 50k, CLOQAp = 5O0pF, Ay = 1V/V, Unless Otherwise Specified. 
Subscript 1 Refers to Supply Voltages (+Vs) = +15V; Subscript 2 Refers to +Vs = 5.0V, -Vs = 0.OV. 


LIMITS 
PARAMETERS SYMBOL CONDITIONS NOTES | TEMPERATURE | MIN. | MAX UNITS 


Full Power Bandwidth FPBW; | VpEAK=10V 12.7 kHz 


FPBWo VPEAK = 1.1V tee 

VRef = 2.5V 

Minimum Closed Loop CLSG Ri = 50kN, Cy = S5OpF -55°C to +125°0C 1 V/V 
Stable Gain 

Quiecen Vour=0v.lour=oma | 1,3 |-ssecw+iascc| - | 12 

Power Consumption 

NOTES: 1. Parameters listed in Table 3 are controlled via design or process parameters and are not directly tested at final production. These parameters are 


lab characterized upon initial design release, or upon design changes. These parameters are guaranteed by characterization based upon data 
from multiple production runs which reflect lot to lot and within lot variation. 


2. Full Power Bandwidth guarantee based on Slew Rate measurement using FPBW = Slew Rate/(2nVpe ax). 


3. Quiescent Power Consumption based upon Quiescent Supply Current test maximum. (No load on outputs.) 


TABLE 4. ELECTRICAL TEST REQUIREMENTS 


MIL-STD-883 TEST REQUIREMENTS SUBGROUPS (SEE TABLES 1 & 2) 
i 1 


Group A Test Requirements 
Groups C & D Endpoints 


* PDA applies to Subgroup 1 only. 
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HA-5142/883 


Test Circuit (Applies to Tables 1 and 2) 


<< ovI 


1% FOR LOOP STABILITY, 
USE MIN VALUE CAPACITOR 
TO PREVENT OSCILLATION 
. Pe 
OPEN 20 4 1 S5 S7 OPENSS8 > 
2 OPEN? 92 ]3 1 V V 
© Lv 
50K 10K 
100 100 Vac 0.1 |1 > 
= EOuT 
VV / 
5K 2. - VEE 
50K 1 $83 
ALL RESISTORS = + 1% (2) 


ONE OF TWO TEST LOOPS FOR THE HA - 5142/ 883 ALL CAPACITORS = + 10% (UF) 


For Detailed Information, Refer to HA-5142/883 Test Tech Brief 


OP AMPs & 
COMPARATORS 


Test Waveforms 


SIMPLIFIED TEST CIRCUIT (Applies to Table 2) 


IN OUT 


509 S0kN 50pF 


NOTE: +Vsuppiy (+Vs) Tested with +15V and OV, +5V. Vin Slew Rate 
Maintained with Less Than 10V/us Input for Voltage Follower Configuration. 


SLEW RATE WAVEFORMS, Ay = 1V/V 


+Vsuppty= + 15V 


+ 3.0V + 3.0V + 3.0V-——_—_—_ + 3.0V 
INPUT 

-3.0V - 3.0V - 3.0V -3.0V 

+ SR, -SR, 
+Vsyppty= 5V. -Vsuppty= °V 

+ 3.0V —— + 3.0V tan + 3.0V 

INPUT 
ov ov ov 
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Burn-In Circuits 
HA7-5142/883 CERAMIC DIP 


8 | 
ae ay 
: rab Bi: 


HA4-5142/883 CERAMIC LCC 


HA2-5142/883 TO-99 METAL CAN 
O V+ 


NOTES: 

Ry = Ro = 2k, +5%, 1/4W (Min) 

C1 = Co = 0.01)F/Socket (Min) or 0.11F/Row, (Min) 
D1 = D2 = IN4002 or Equivalent/Board 

| (V+) - (V-) |= 30v 


35370 


V+ 


HA-5142/883 


Schematic Diagram (1/2 Of HA-5142/883) 


OP AMPs & 
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ALL RESISTORS = (2) 
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HA-5142/883 


Die Characteristics 


DIE DIMENSIONS: 
53.9 x 103.1 x 19 mils 
(1370 x 2620 x 483 ym) 


METALLIZATION: 
Type: Aluminum 
Thickness: 16kA + 2kA 


WORST CASE CURRENT DENSITY: 
0.6 x 10°A/cm2 @ 2.5mA 


SUBSTRATE POTENTIAL (Powered Up): V- 


Metallization Mask Layout 


OUT 1 


+IN1 


GLASSIVATION: 
Type: Nitride 
Thickness: 7kA + 0.7kA 
TRANSISTOR COUNT: 72 
PROCESS: HFSB Bipolar/JFET Dielectric Isolation 
DIE ATTACH: 
Material: Gold/Silicon Eutectic Alloy 
Temperature: Ceramic DIP — 4609C (Max) 
Ceramic LCC — 420°C (Max) 
Metal Can — 420°C (Max) 


HA-5142/883 


NOTE: Pad Numbers Refer to 8 Pin Ceramic Mini-DIP or Metal Can Package Pinouts Only. 
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Packaging * 


8 PIN CERAMIC DIP 


(378 


.395 140 245 
.005 MIN -160 .265 
LL rp ante tavstn xpireny 


.290 


015 | 150 MIN 
060 310 
“ 
A25 , .055 MAX ~~ .008* 15° 
180 <— 100 015 
016 uae. 
023 
050 * « INCREASE MAX LIMIT BY .003 INCHES 
oe MEASURED AT CENTER OF FLAT FOR 
-065 SOLDER FINISH 


20 PAD CERAMIC LCC 


505 
560 


10 
045 


335 321 
370 .325 


eee 


*Dimension Maximum Limits Are Increased by 0.003 inches for Solder Dip Finish 


210 


: F Min : ; eee 
NOTE: All Dimensions are , Dimensions are in inches. 
x 
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LEAD MATERIAL: Type B 
LEAD FINISH: Type A 
PACKAGE MATERIAL: Ceramic, 90% Alumina 
PACKAGE SEAL: 

Material: Glass Frit 

Temperature: 450°C + 10°C 

Method: Furnace Seal 
INTERNAL LEAD WIRE: 

Material: Aluminum 

Diameter: 1.25 Mil 

Bonding Method: Ultrasonic 
COMPLIANT OUTLINE: 38510 D-4 


PAD MATERIAL: Type C 
PAD FINISH: Type A 
FINISH DIMENSION: Type A 
PACKAGE MATERIAL: Ceramic, 90% Alo03 
PACKAGE SEAL: 
Material: Gold/Tin (80/20) 
Temperature: 320°C + 10°C 
Method: Furnace Braze 
INTERNAL LEAD WIRE: 
Material: Aluminum 
Diameter: 1.25 Mil ) 
Bonding Method: Ultrasonic 
COMPLIANT OUTLINE: 38510 C-2 


LEAD MATERIAL: Type A 
LEAD FINISH: Type C 
PACKAGE MATERIAL: Kovar Header with 
Nickel Can 
PACKAGE SEAL: 
Material: No Seal Material 
Temperature: Room Temperature 
Method: Resistance Weld 
INTERNAL LEAD WIRE: 
Material: Aluminum 
Diameter: 1.25 Mil 
Bonding Method: Ultrasonic Bonded 
COMPLIANT OUTLINE: 38510 A-1 


t+ Mil-M-38510 Compliant Materials, Finishes, and Dimensions. 
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DESIGN INFORMATION 


HA-5142 


Dual, Ultra-Low Power 
Operational Amplifier 


The information contained in this section has been developed through characterization by Harris Semiconductor and is for 
use as application and design aid only. These characteristics are not 100% tested and no product guarantee is implied. 


Typical Performance Curves unless Otherwise Specified: Ta = +25°C, VgyppLy = +15V 


PHASE MARGIN 


OUTPUT VOLTAGE SWING (VOLTSp-p) 


OPEN LOOP VOLTAGE GAIN (dB) 


OPEN LOOP FREQUENCY RESPONSE 
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BANDWIDTH AND PHASE MARGIN vs. 
LOAD CAPACITANCE 


BANDWIDTH HSE 


St 
Mes ik a 


LOAD CAPACITANCE (pF) 


OUTPUT VOLTAGE SWING vs. 
FREQUENCY AND SINGLE SUPPLY VOLTAGE 
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INPUT OFFSET CURRENT AND BIAS CURRENT vs. 
TEMPERATURE 


a fe: See eeeoae 
hostels BIAS CURRENT 
RES Le 


(los) (nA) 


rave sa eh Ba Ss SET a OS hE 
Pere ieet ei eel cet 2 
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NORMALIZED AC PARAMETERS vs. 
SUPPLY VOLTAGE 


feeme| | 1] bol 
eR: oe 
plas 


fam —— — 
Bes 


| or 
| + 


+4 


NORMALIZED AC PARAMETERS 
REFERRED TO VALUE AT #2.5V 


S 
> 


+2 +3 +4 +5 +6 +7 


SUPPLY VOLTAGE (VOLTS) 


NORMALIZED AC PARAMETERS vs. 
TEMPERATURE 


NORMALIZED PARAMETERS 
REFERRED TO VALUES AT 25°C 


TEMPERATU 
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DESIGN INFORMATION (continued) 


The information contained in this section has been developed through characterization by Harris Semiconductor and is for 
use as application and design aid only. These characteristics are not 100% tested and no product guarantee is implied. 


Typical Performance Curves _Uuniess Otherwise Specified: Ta = +25°C, Vgyppiy = +15V 


MAXIMUM OUTPUT VOLTAGE SWING vs. 
INPUT NOISE vs. FREQUENCY LOAD RESISTANCE AND SINGLE SUPPLY VOLTAGE 


7 - ‘ S00 Pease ee nani 
: Ss 9 ETI ill 
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2 wo 8 eT a eg II 
) = > 12 
a a ET IRE 
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FREQUENCY (2) : TH =: i RL 
yy, 
oto | | 
toAb RESISTANCE Contes) wo 
ae 
Za 
a5 
O65 
POWER SUPPLY CURRENT vs. = 
PSRR AND CMRR vs. FREQUENCY TEMPERATURE AND SINGLE SUPPLY VOLTAGE 
ald ; 
TMT ETE 3 
"TTT 
~ <q 
:. Sti 1 
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40 ll IS cuil ‘a Tt “util : 
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lime 0-40-20. 0 20 40 60 80 100 120 140 
1M 


Taedbency (2) 


CHANNEL SEPARATION vs. FREQUENCY 


: woKQ C= 20L0G /_Vo2 
_ 100 Vo1 


CHANNEL SEPARATION (dB) 
1 


FREQUENCY (Hz) 


3-375 


HA-5142 


DESIGN INFORMATION (continuea) 


The information contained in this section has been developed through characterization by Harris Semiconductor and is tor 
use as application and design aid only. These characteristics are not 100% tested and no product guarantee is implied. 


Typical Performance Curves Unless Otherwise Specified: Ta = +25°C, Vgyppty = +15V 


MEASURED LARGE SIGNAL RESPONSE MEASURED SMALL SIGNAL RESPONSE 
Vertical Scale: (Volts: Input = 5V/Div.; Output = 2V/Div.) Vertical Scale: (Volts: Input = 100mV/Div.; Output = 50mV/Div.) 
Horizontal Scale: (Time: 2us/Div.) Horizontal Scale: (Time: 2us/Div.) 
[Onl 
INPUT INPUT 
OUTPUT OUTPUT 
+VSUPPLY = +15V, -VsUPPLY = -15V +VSUPPLY = +15V, -VSUPPLY = -15V 
MEASURED LARGE SIGNAL RESPONSE MEASURED SMALL SIGNAL RESPONSE 
Vertical Scale: (Volts: Input = 2V/Div.; Output = 1V/Div.) Vertical Scale: (Volts: Input = 100mV/Div.; Output = 50mV/Div.) 
Horizontal Scale: (Time: 5ys/Div.) Horizontal Scale: (Time: 5ys/Div.) 
L8Gad : 
INPUT INPUT ey] 
OUTPUT OUTPUT 
+VSUPPLY = +5V, -VsUPPLY = OV +VSUPPLY = +5V, -VSUPPLY = OV 
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DESIGN INFORMATION (Continued) 


The information contained in this section has been developed through characterization by Harris Semiconductor and is for 
use as application and design aid only. These characteristics are not 100% tested and no product guarantee is implied. 


TYPICAL PERFORMANCE CHARACTERISTICS 
Device Characterized at: Supply Voltage = OV, 5 to +15V, Ri = 50kN, Cy = 50pF, Unless Otherwise Specified. 


DESIGN 
PARAMETERS CONDITIONS TEMP TYPICAL LIMIT UNITS 


Bias Current Vom = OV +25°C, +125°C renee Table 1 
-55°C 75 Table 1 


ee | 
+259, +1250 
eee Te 
Bosc Pad x ee cs 
Differential Input Resistance GB vei) veins ONE WEG” | og 
Moet nc soe cof ABP | 0 Me 
jigeroote OL tere | 
ee ee ae 
: | szec | ozs 
: | szec | oe 
[+2500,+12600 | 75K 
ps8 
bic! 
ea! 
| #a8AG oi] 


Input Noise Voltage 


Input Noise Current 


fo = 100Hz +25°C pA/\/Hz 
fo = 1kHz +250C pA/\/Hz 


Large Signal Voltage Gain 


CMRR 

Unity Gain Bandwidth f @ -3dB +25°C  zaqoose | 

+ Slew Rate Vs = OV, 5V -559C eae eae 
Vs = OV, 5V to +15V +259C, +1259C ea 

- Slew Rate Vs = OV, 5Vto +15V Full 


Riu = 50kN +25°9C, +1259C 
-55°C 


en ee 


Oo 


@ 

fe) 
fi 
Hl 

os 

® 

ode 

Q. < 


x 
< 
N 


+ lOuT 


e en cae! 


ae 


Supply Current (Both Amplifiers) 
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HA-5144/883 


Quad, Ultra-Low Power 


January 1989 Operational Amplifier 


Features 


e This Circuit is Processed in Accordance to Mil-Std- 
883 and is Fully Conformant Under the Provisions of 
Paragraph 1.2.1. 

¢ Low Supply Current @ Vs = +5V . .(+25°C) 320A (Max) 

(Full) 400yA (Max) 
Single 3V to 30V 
or Dual +1.5 to +15V 


+S.R. 0.8V/ys (Min) 
1.5V/us (Typ) 
20kV/V (Min) 
75kV/V (Typ) 

¢ Low Noise (1kHz) 20nV/\/Hz (Typ) 

e 100% Tested at +15V and OV, +5V Power Supplies 

e Unity Gain Stable 

e Dielectric Isolation 


e Wide Supply Voltage Range 
¢ High Slew Rate 


¢ High Gain 


Applications 


¢ Portable Instruments 

¢ Meter Amplifiers 

e Telephone Headsets 

e Microphone Amplifiers 

e Instrumentation 

e For Further Design Ideas See App. Note 544 


Pinouts 


HA1-5144/883 (CERAMIC DIP) 
TOP VIEW 


Description 


The HA-5144/883 quad, ultra-low power operational 
amplifier provide AC and DC performance characteristics 
similar to, or better than most general purpose amplifiers 
while only drawing 1/30 of the supply current of most 
general purpose amplifiers. This amplifier is well suited to 
applications which require low power dissipation and good 
electrical characteristics. 


The HA-5144/883 provides accurate signal processing by 
virtue of their low input offset voltage (6mV), low input bias 
current (100nA), high open loop gain (20kV/V) and low 
noise (2OnV/\/Hz). These characteristics coupled with a 
1.5V/us slew rate and a 24kHz bandwidth make the 
HA-5144/883 ideal for use in low power instrumentation, 
audio amplifier and active filter designs. The wide range of 
supply voltages (SV to 30V) also allow these amplifier and 
active filter designs. The wide range of supply voltages (3V 
to 30V) also allow these amplifiers to be very useful in low 
voltage battery powered equipment. 


The HA-5144/883 offers tested specifications at both 
single ended levels (OV, +5V) and dual supplies (+15V). 
Packaging is offered in the 14 pin Ceramic DIP or 20 pad 
Ceramic LCC, and operation is specified at the full military 
-55°C to +125°9C temperature range. 


HA4-5144/883 (CERAMIC LCC) 
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Specifications HA-5144/883 


Absolute Maximum Ratings 


Voltage Between V+ and V- Terminals..................005- 35V 
DeSrantial Nt Vee os ke cece ca easeccccesacusebte Ui 7V 
Voltage at Either Input Terminal ...............002ee eens V+ to V- 
Output Current ose cccc aca ce scecds Full Short Circuit Protection 
Quiput Corrent Murationtas. ... ache ceed. 2 SUS Indefinite, 

One Amplifier Shorted to Ground 
Junction Temperature (Tj)... cece eee ccc esccceees +175°C 
Storage Temperature Range ................- -65°9C to +150°C 
ES) UL Oe Dee ne Seen nee ees <2000V 
Lead Temperature (Soldering 10 Sec)...........0.0 eens +275°9C 


CAUTION: Absolute maximum ratings are limiting values, applied 
individually beyond which the serviceability of the circuit may be impaired. 
Functional operability under any of these conditions is not necessarily 
implied. 


Thermal Information 


Thermal Resistance Bia Bic 
Ceramic DIP Package ...............6. 75°C/W =179C/W 
Ceramic LCC Package ................ 76°C/W = 199C/W 

Package Power Dissipation Limit at +75°C For Ty < +175°C 
Corenue DiP Package 3.0 :cFAiE foc es ies Sel aia wa Seb Fee,’ 1.33W 
Coramico lL CG Package: is Maier oie oo ht TET 1.32W 

Package Power Dissipation Derating Factor Above +75°C 
Ceramic OUP PRCKEGO Lo ccc ncccssecsenscvesees 13.3mW/°C 
Coramig LCC Pakage: oon co ands ciccsuscwesssues 13.2mW/°C 


Recommended Operating Conditions 


Operating Temperature Range ............... -559C to +125°C 
Operating Supply Voltage ............. eee ee eee +1.5V to +15V 
or 3V to 30V 


ViNcm < 1/2 (V+ - V-) 
Ri > 50k 


TABLE 1. D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 


Device Tested at: RSOURCE = 1002, RLOAD = 500k2, Vout = OV, Unless Otherwise Specified. 
Subscript 1 Refers to Supply Voltages (+Vs) = +15V, Subscript 2 Refers to +Vs = 5.0V, -Vs = O.OV. 


Input Offset Voltage Vio1 Vom = OV 


Vio2 


Input Bias Current 


+lB4 


-IB1 


+lBo 


+Rs = 1002 
-Rs = 10k 


Input Offset Current O41 


Common Mode Range 


+CMR 


V+ = 25V 
V- = -5V 


-CMR, 


V+ = 5V to 2V 
V- = OV to -3V 
VouT = 1.4V to -1.6V 


+CMRo 


D.C.PARAMETERS "SYMBOL CONDITIONS 


Vom = OV, VouT = 1.4V 
+Rs = 10kN 
-Rs = 1002 


Vom = OV, VouT = 1.4V 


Vom = OV, VouT = 1.4V 
+Rg = 10kN 
-Rs = 10k 


LIMITS 
Coie t | LIMITS | 
SUBGROUP | TEMPERATURE | MIN. | MAX | UNITS 


nee Se ee 
es ee oe 


+1259C, -55°9C 


3 


=] =] = | 


-125 nA 
+1259C, -55°9C 125 n 
100 n 


-125 


= 


a 


per 
nM 


= 


=) 


+125°C, -55°9C 


; 
+ 
nh 
oO 
[e) 
@) 
! 
= 


CAUTION: This device is sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
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Specifications HA-5144/883 


TABLE 1. D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


Device Tested at: RSOURCE = 1002, RLOAD = 500k, VoyrT = OV, Unless Otherwise Specified. 
Subscript 1 Refers to Supply Voltages (tVs) = +15V; Subscript 2 Refers to +Vs = 5.0V, -Vs = 0.0V. 


TEMPERATURE 


ee CC ES 


Ry = 50kN 


+1259C, -559C 
+AyOL2 | VouT = 1.4V and 2.5V 
Ri = 50kN 


+1259C, -55°C 
+CMRR, 
-CMRR4 


+CMRRo | AVcoy = OV to 3V 


LIMI 
GROUP A bia 


D.C. PARAMETERS SYMBOL CONDITIONS SUBGROUP 


Large Signal 
Voltae Gain 


Common Mode 
Rejection Ratio 


+125°C, -55°C 


+1259C, -559C 


: 


+1259C, -55°C 
+125°9C, -55°C 


+1259C, -55°C 


Terminated at 2.5V P apemeor +1250C. -55°C 
"Voura | RL =50kn Pee i ae 
Terminated at 2.5V 


[2.8 | vite, -5506 | 

= 
|. 2 S00" | .- 

a [28 | 3896, 6890 

+V = 10V, -V =-15V B= wig 9] 

el 

ee 

ea Gat 

pas 

aes 

ce 


Output Voltage Swing 


1 


Le) 


Quiescent Power Supply 
Current (All Four Amplifiers) 


80 


Power Supply 
Rejection Ratio 


+1259C, -55°C -800 
+V = 20V, -V =-15V +1259C, -55°C 
+V = 15V, -V = -10V 
+V = 15V, -V = -20V +1259C, -55°C 
+V = 5V,-V=O0V 


+125°9C, -55°C 


+1259C, -55°C 


lets) eee ltl: 


a 
Se 


+V = 15V, -V=O0V 


Channel Separation 


a 


3-380 


HA-5144/883 


TABLE 2. A.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 


Device Tested at: RSOURCE = 502, RLOAD = 50k, CLOAD = 50PF, VouT = OV, Unless Otherwise Specified. 
Subscript 1 Refers to Supply Voltages (+Vs) = +15V; Subscript 2 Refers to +Vs = 5.0V, ae = 0.0V. 
GROUP A 


| LIMITS | 
PARAMETERS SYMBOL CONDITIONS SUBGROUP __| TEMPERATURE pMin | MAX UNITS 

Slew Rate +SR4 VouT = -8V to 3V +25°C V/s 
VIN S.R. < 10V/us @ Ay = 1 

Vout = 3V to -3V +250C V/us 
VIN S.R. < 10V/ps @ Ay = 1 

+SRo VouT = OV to 3V +25°C V/us 
' Vin S.R. < 10V/ps @ Ay = 1 

Vout = 38V to OV +25°9C V/us 
VIN S.R. < 10V/us @ Ay = 1 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


Device Tested at: RgouRCE = 502, RLOAD = 50kN, CLOAD = 5OpF, Ay = 1V/V, Unless Otherwise Specified. 
Subscript 1 Refers to Supply Voltages (+Vs) = +15V; Subscript 2 Refers to +Vs = 5.0V, -Vs = 0.0V. 


| LIMITS | 
PARAMETERS SYMBOL CONDITIONS NOTES | TEMPERATURE =e UNITS 


FPBWo VPEAK = 1.1V +25°C 115.8 kHz 
VRef = 2.5V 
Minimum Closed Loop CLSG Ri = 50k, Ci = 50pF -559C to +1259C 
Stable Gain 


Quiecent | PCy | VouT=0V,louT=0mA_| OV, lout = OmA | 1,3 |-850C to 55°C to +1250C | - | 


Power Consumption 


NOTES: 1. Parameters listed in Table 3 are controlled via design or process parameters and are not directly tested at final production. These parameters are 
lab characterized upon initial design release, or upon design changes. These parameters are guaranteed by characterization based upon data 
from multiple production runs which reflect lot to lot and within lot variation. 


2. Full Power Bandwidth guarantee based on Slew Rate measurement using FPBW = Slew Rate/(2nVpe ax). 


3. Quiescent Power Consumption based upon Quiescent Supply Current test maximum. (No load on outputs.) 


TABLE 4. ELECTRICAL TEST REQUIREMENTS 


MIL-STD-883 TEST REQUIREMENTS SUBGROUPS (SEE TABLES 1 & 2) 


[iim cecrcaParansioe Poeun) 
[crow GaDenepome 


* PDA applies to Subgroup 1 only. 
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HA-5144/883 


Test Circuit (Applies to Tables 1 and 2) 


<< ovi 


FOR LOOP STABILITY, 
USE MIN VALUE CAPACITOR 
TO PREVENT OSCILLATION 


OPEN 20 4 1 SS S7 OPENS S8 
2 OPEN1 92/3 1 f2 V V 
© Lv 
50K 10K 
100 100 Vac 0.1 |1 > 
” : EQuT 
\/ \/ 
2. - VEE 
50K 33 
ALL RESISTORS = + 1% (Q) 
ONE OF FOUR TEST LOOPS FOR THE HA - 5144/ 883 ALL CAPACITORS = + 10% ( uF) 


For Detailed Information, Refer to HA-5144/883 Test Tech Brief 


Test Waveforms 


SIMPLIFIED TEST CIRCUIT (Applies to Table 2) 


NOTE: +Vsuppiy (+Vs) Tested with +15V and OV, +5V. Vin Slew Rate 
Maintained with Less Than 10V/us Input for Voltage Follower Configuration. 


SLEW RATE WAVEFORMS, Ay = 1V/V 


+Vsupply= + 15V 


+ 3.0V + 3.0V + <1 | See RSS + 3.0V 
INPUT 
- 3.0V - 3.0V - 3.0V - 3.0V 
* Vsuppty= °, -Vsuppry= °V 
+ 3.0V + 3.0V + S82 Sr SEES + 3.0V 
INPUT 
ov ov ov ov 
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Burn-In Circuits 


HA1-5144/883 CERAMIC DIP 


HA4-5144/883 CERAMIC LCC 


OP AMPs & 
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I 
- r 
7! 
= & 
-= 
mds Ol shard gate ME ede Te ade | 
i i i 


NOTES: 

Ry = Ro = Rg = Rg = 1MQ, +5%, 1/4W (Min) 

Cz = Co = 0.01 pF/Socket (Min) or 0.1 ).F/Row, (Min) 
Dy = Do = IN4002 or Equivalent/Board 

| (V+) - (V-) |= 30V 
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Schematic Diagram (1/4 Of HA-5144/883) 


tr Fee 
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HA-5144/883 


Die Characteristics 


DIE DIMENSIONS: GLASSIVATION: 
95.7 x 101.6 x 19 mils Type: Nitride 
(2430 x 2580 x 483 um) Thickness: 7kA + 0.7kA 
METALLIZATION: TRANSISTOR COUNT: 144 
bie ee oh PROCESS: HFSB Bipolar/JFET Dielectric Isolation 
ins Diese: DIE ATTACH: 
WORST se 43 open DENSITY: Material: Gold/Silicon Eutectic Alloy 
0.45 x 10°A/cm* @ 2.5mA Temperature: Ceramic DIP — 460°C (Max) 
SUBSTRATE POTENTIAL (Powered Up): V- Ceramic LCC — 420°C (Max) 


Metallization Mask Layout 
HA-5144/883 


-IN1 OUT 1 OUT 4 
-IN 4 
+IN 1 +IN 4 
+V -V 
5 +IN 3 


+IN 2 


o 


-IN 2 


OUT 2 OUT 3 -IN 3 


NOTE: Pad Numbers Refer to 14 Pin Ceramic DIP Package Pinout Only. 
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HA-5144/883 


Packaging* 
14 PIN CERAMIC DIP 


-140 
.170 


as 
15° 


* INCREASE MAX LIMIT BY .003 INCHES 
MEASURED AT CENTER OF FLAT FOR 


SOLDER FINISH 
LEAD MATERIAL: Type B INTERNAL LEAD WIRE: 
LEAD FINISH: Type A Material: Aluminum 
PACKAGE MATERIAL: Ceramic, 90% Alumina Diameter: 1.25 Mil 
PACKAGE SEAL: Bonding Method: Ultrasonic 
Material: Glass Frit COMPLIANT OUTLINE: 38510 D-1 


Temperature: 450°C + 10°C 
Method: Furnace Seal 


20 PAD CERAMIC LCC 


.003 -075 


-342 
-358 


PAD MATERIAL: Type C INTERNAL LEAD WIRE: 

PAD FINISH: Type A Material: Aluminum 

FINISH DIMENSION: Type A Diameter: 1.25 Mil 

PACKAGE MATERIAL: Multilayer Ceramic, 90% Alumina Bonding Method: Ultrasonic 
PACKAGE SEAL: COMPLIANT OUTLINE: 38510 C-2 


Material: Gold/Tin (80/20) 
Temperature: 320°C + 10°C 
Method: Furnace Braze 


mae , Dimensions are in inches. t Mil-M-38510 Compliant Materials, Finishes, and Dimensions. 
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DESIGN INFORMATION 


HA-5144 


Quad, Ultra-Low Power 
Operational Amplifier 


The information contained in this section has been developed through characterization by Harris Semiconductor and is for 
use as application and design aid only. These characteristics are not 100% tested and no product guarantee is implied. 


Typical Performance Curves Unless Otherwise Specified: Ta = +25°C, Vgyuppiy = +15V 


PHASE MARGIN 


OUTPUT VOLTAGE SWING (VOLTSp_p) 


OPEN LOOP VOLTAGE GAIN (dB) 


Ri = 50k22 
BANDWIDTH 


OPEN LOOP FREQUENCY RESPONSE 


a EL 
CHS eT eT 
a 


MT TUT 
LT 
lima 


BEB eA 
COS OSS 
{1a A, » aman OE 
PUTT ETT NUTT ONT 

a 
CT TTT TT TTT TT SST 
CULM YT ETI TN EE Tak 


10K 100K 
ShECUENG? (Hz) 


BANDWIDTH AND PHASE MARGIN vs. 
LOAD CAPACITANCE 


Petes TTT] TTT 
BES SES Bebe. ea 


tt 
Se eae 
ETT Cot 


| 


LOAD sdibaere hie (pF) 


OUTPUT VOLTAGE SWING vs. 
FREQUENCY AND SINGLE SUPPLY VOLTAGE 


V. =+15V N 


TTT 


a ee All 
itt sel SUI 
}———sy 


en well 
Bae ° 


100K 
FREQUENCY (Hz) 


UNITY BANDWIDTH (MHz) 


INPUT OFFSET CURRENT AND BIAS CURRENT vs. 


ace neees 
10 asa ¢ Sl PO RB a el 


NORMALIZED AC PARAMETERS 
REFERRED TO VALUE AT +2.5V 


NORMALIZED PARAMETERS 
REFERRED TO VALUES AT 25°C 
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TEMPERATURE 


[los] (mA) 


BPR Per Peer aie 2 
-40 -20 0 
cuectr ak ae 
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NORMALIZED AC PARAMETERS vs. 
SUPPLY VOLTAGE 


wy RL = 50k Had 
Gi + ROPE a 
Tt [a eer | 
PT eatiomorn | 
aS Ea SE Bt 

iy 


+7 +g 
SUPPLY VOLTAGE (VOLTS) 


NORMALIZED AC PARAMETERS vs. 
TEMPERATURE 


vaca a EE EE Ps: 


1.20 Cc) = SOpF 


TEMPERATURE (°C) 
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DESIGN INFORMATION (continueg) 


The information contained in this section has been developed through characterization by Harris Semiconductor and is for 
use as application and design aid only. These characteristics are not 100% tested and no product guarantee is implied. 


Typical Performance Curves unless Otherwise Specified: Ta = +25°C, Vgyppiy = +15V 


MAXIMUM OUTPUT VOLTAGE SWING vs. 
INPUT NOISE vs. FREQUENCY LOAD RESISTANCE AND SINGLE SUPPLY VOLTAGE 


HA 


at 
Ses tot 
ili mail alii mudi mi ‘0 


1K 
i (Hz) 2 eafpspeemes eremecren recente meinen nang 


INPUT NOISE VOLTAGE (nv//Hz ) 
OUTPUT VOLTAGE SWING (VOLTSp-p) 


100 1K 10K 100K 
LOAD RESISTANCE (OHMS) 


POWER SUPPLY CURRENT vs. 
PSRR AND CMRR vs. FREQUENCY TEMPERATURE AND SINGLE SUPPLY VOLTAGE 


a ee a 
CUTTLUIME TIT TTTAT T 


-_ 
> 
=] 


80 


-_ 

nN 

°o 
s 
°o 


=< 
a 
— 
« 
w 
re aie 
= 
NL a 
i) iS « GY, 
= oS: ii JIN & eee 
cc e 40 
5 mie A : 
ed 
2 60 IN TIN 3 30 
lad m Nt il ee 2 
> 
a | = 20 
40 TIN 2 
2 
10 
20 -60 
TEMPERATURE (°c) 


se 


10K 
ancticiex (Hz) 


CHANNEL SEPARATION vs. FREQUENCY 


: “SS 
2 100KQQ 

Q 

- | 
<q 7-80 

oa 

< 

a 

% 60 

_ ? = 

- ~ 100KQ C.S.= 20 LOG / Vo2 
z 100 Voi 
z -40 

ro) 


10K 
FREQUENCY (Hz) 
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DESIGN INFORMATION (continueg) 


The information contained in this section has been developed through characterization by Harris Semiconductor and is for 
use as application and design aid only. These characteristics are not 100% tested and no product guarantee is implied. 


Typical Performance Curves unless Otherwise Specified: Ta = +25°C, VguppLy = +15V 


MEASURED SMALL SIGNAL RESPONSE 
Vertical Scale: (Volts: Input = 100mV/Div.; Output = 50mV/Div.) 
Horizontal Scale: 


=— 


MEASURED LARGE SIGNAL RESPONSE 
Vertical Scale: (Volts: Input = 5V/Div.; Output = 2V/Div.) 
Horizontal Scale: (Time: 2us/Div.) 


$0/ 


OUTPUT 


+VSUPPLY = +15V, -VsUPPLY = -15V 


MEASURED LARGE SIGNAL RESPONSE 


Vertical Scale: (Volts: Input = 2V/Div.; Output = 1V/Div.) 


Horizontal Scale: (Time: 5ys/Div.) 


INPUT 


OUTPUT 


+VSUPPLY = +5V, -VSUPPLY = OV 


(Time: 2us/Div.) 


INPUT 


OUTPUT 


+VSUPPLY = +15V, -VSUPPLY = -15V 


OP AMPs & 
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MEASURED SMALL SIGNAL RESPONSE 
Vertical Scale: (Volts: Input = 100mV/Div.; Output = 50mV/Div.) 
Horizontal Scale: (Time: 5ys/Div.) 


oe oe 


INPUT 


OUTPUT 


+VSUPPLY = +5V; -VSUPPLY = OV 


3-389 


HA-5144 


DESIGN INFORMATION (continueg) 


The information contained in this section has been developed through characterization by Harris Semiconductor and is for 
use as application and design aid only. These characteristics are not 100% tested and no product guarantee is implied. 


TYPICAL PERFORMANCE CHARACTERISTICS 
Device Characterized at: Supply Voltage = OV, 5 to +15V, RL. = 50kN, C, = 50pF, Unless Otherwise Specified. 


PARAMETERS 


Offset Voltage Vom =0V Full a 
Offset Voltage Drift Versus Temperature Full ba ees. pV/OC 


Bias Current Vom = OV +259C, +125°C be Bona Table 1 
io 
Vom = OV 


Offset Current = 


Differential Input Resistance 


Input Noise Voltage 


Input Noise Current 


a 

A= son 12506, 12500 
ee a 
2500, 412500 


Full 


Large Signal Voltage Gain 


Unity Gain Bandwidth f @ -3dB 


+ Slew Rate Vs = OV, 5V 
Vs = OV, 5V to +15V 


- Slew Rate Vs = OV, 5V to +15V 


+ lout 


Fall Time Vs = +15V, Vo = -200mV 


Supply Current (All Four Amplifiers) 


+259C, +125°9C 


-559C 


fe} 
S 


Vs = OV, 5V 


Vs =+15V 
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HA-5147/883 


Ultra-Low Noise, Precision, High Slew Rate 


January 1989 Wideband Operational Amplifier 


Features 


e This Circuit is Processed in Accordance to Mil-Std- 
883 and is Fully Conformant Under the Provisions of 
Paragraph 1.2.1. 


e High Slew Rate 
e Wide Gain Bandwidth (Ay > 10) 
e Low Noise (@ 1kHz) 


28V/us (Min) 
100MHz (Min) 
4.5nV/\/ Hz (Max) 
e Low Offset Voltage 100uV (Max) 
e Low Offset Drift With Temperature .. 1.8V/°C (Max) 
e High CMRR 100dB (Min) 


e High Voltage Gain 700V/mvV (Min) 


Applications 


e High Speed Signal Conditioners 

e Wide Bandwidth Instrumentation Amplifiers 
e Low Level Transducer Amplifiers 

e Fast, Low Level Voltage Comparators 

e Highest Quality Audio Preamplifiers 

e Pulse/RF Amplifiers 


Pinouts 


HA7-5147/883 (CERAMIC MINI-DIP) 
TOP VIEW 


HA4-5147/883 (CERAMIC LCC) 


Description 


The HA-5147/883 monolithic operational amplifier features 
an unparalleled combination of precision D.C. and 
wideband high speed characteristics. Utilizing the Harris 
D.I. technology and advanced processing techniques, this 
unique design unites low noise precision instrumentation 
performance with high speed wideband capability. 


This amplifier’s impressive list of features include low Vos, 
wide gain-bandwidth, high open loop gain, and high 
CMRR. Additionally, this flexible device operates over a 
wide supply range while consuming only 120mW of 
power. 


Using the HA-5147/883 allows designers to minimize 
errors while maximizing speed and bandwidth in applica- 
tions requiring gains greater than ten. 


This device is ideally suited for low level transducer signal 
amplifer circuits. Other applications which can_ utilize 
the HA-5147/883’s qualities include instrumentation 
amplifiers, pulse or RF amplifiers, audio preamplifiers, and 
signal conditioning circuits. 


This device can easily be used as a design enhancement by 
directly replacing the 725, OP-25, OP-06, OP-07, OP-27 
and OP-37 where gains are greater than ten. The 
HA-5147/883 is available in TO-99 Metal Can, Ceramic 8 
Pin Mini-DIP, and 20 Pin Ceramic LCC packages. 


HA2-5147/883 (METAL CAN) 
TOP VIEW 


V - (CASE) 
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Specifications HA-514.7/883 


Absolute Maximum Ratings 


Voltage Between V+ and V- Terminals...............0000 ees 44V 
Differential Input Voltage (Note 6) ........ 0... ccc cee eee eee 0.7V 
Voltage at Either Input Terminal ................00ec eee V+ to V- 
MARSEE A UNE Sos oo nis aes os owen a WOES ak CPE EA be 25mA 
Differential Output Current........... Full Short Circuit Protection 
SUPGUONTONISONAMINGCT |) 0. csi soba de ee ss + wa cig OS +175°9C 
Storage Temperature Range ................. -659C to +150°C 
ESD Meena cilsisics (asia atin cididoreies Hees < 2000V 
Lead Temperature (Soldering 10 sec)............cc eee ee +275°9C 
CAUTION: Absolute maximum ratings are limiting values, applied 


individually beyond which the serviceability of the circuit may be impaired. 
Functional operability under any of these conditions is not necessarily 
implied. 


Thermal Information 


Sia Bic 
82°9C/W  25°C/W 
849C/W  25°9C/W 


Thermal Resistance 
Ceramic DIP Package 
Ceramic LCC Package 


Metal Can Package ..............e008. 98°C/W 30°C/W 
Package Power Dissipation Limit at +75°C for Ty < +175°C 
CORP SNE PGRN sac Sse ons vse » ba trowel case a commas 1.22W 
TONG ECG PACKAGES wie ccan vc Oh Swan ds eSes Seceeeee 1.19W 
Matal Can: Package? .4 20.54. o.. iseonscahs al Uwolse 1.02W 
Package Power Dissipation Derating Factor Above +75°C 
Ceramic DIP Package... con cc ccc wench cb ebicn 12.2mW/°C 
Derails Lice POCKEOO «6.00. os vos cenctuseee ce ee 11.9mW/°C 
MBtal-Can Package .. . cc ccicuic cs cemes ccc oo vies & 10.2mW/°C 


Recommended Operating Conditions 


-559C to +125°C 
+15V 


Operating Temperature Range 
Operating Supply Voltage 


ViNem < 1/2 (V+ - V-) 
Ri > 6000 


TABLE 1. D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 


Device Tested at: Supply Voltage = +15V, RSQURCE = 502, RLOAD = 100k, Voyt = OV, Unless Otherwise Specified. 


D.C. 


PARAMETERS CONDITIONS 


Input Offset Voltage 


Vom = OV 


Input Bias Current Vom = 0V 
Rs = 10k, 502 


l+ip]+l-ig! 


| 


Input Offset Current 


V+=4.7V 
V- = -25.3V 


Common Mode Range 


V+ = 25.3V 
V- =-4.7V 


Large Signal Voltage Gain 


VouT = OV and +10V 
Ru = 2kN 


VouT = OV and -10V 
Ru = 2kN 


Common Mode Rejection 
Ratio 


LIMITS 


GROUP A 


SUBGROUP UNITS 


TEMPERATURE 


2 


< 


3 


ela 
oO 


+125°9C, -55°C 


+1259C, -559C 


= 
< 


A 


p= | 


7 


+1259C, -559C 


js 


= 


135 


= 


-75 
10.3 


kV/V 


E 


7 
kV, 
7 


kV/V 


kV/V 


00 
00 
100 


CAUTION: This device is sensitive to electrostatic discharge. Proper |.C. handling procedures should be followed. 
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TABLE 1. D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 
Device Tested at: Supply Voltage = +15V, RSOURCE = 502, RLOAD = 100kN, VouT = OV, Unless Otherwise Specified. 


+VouTi1 | RL = 2kn 
Vout | RL= 2k 


VouT = +10V 


lour = Oma [2,8 | #12800, -8500 


GROUP A 


D.C. PARAMETERS SUBGROUP 


Output Voltage Swing 


a 
+125°C, -55°C ess 


Output Current 


Quiescent Power 
Supply Current 


> 


| 
>| > 


eta 
Pd 
Ee a | a 
aise ss 

a 


Power Supply 
Rejection Ratio 


AVsup = 13.5V 
ie os 


AVsupP = 13.5V 


tis 
igs ain a 


TABLE 2. A.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 


+1259C, -550C 
+1250°C, -55°C 88... 


OP AMPs & 
COMPARATORS 


Offset Voltage 
Adjustment 


S 
< 


mV 
mV 


< 


m 


ME: 3 


Device Tested at: Supply Voltage = +15V, RSOURCE = 50, RLOAD = 2kQ, CLOAD =50PF, AycL = +10V/V, 
Unless Otherwise Specified. 


LIMITS 
GROUP A 
PARAMETERS SYMBOL CONDITIONS SUBGROUP | TEMPERATURE | MIN) | MAX | UNITS 
Slew Rate Vout = -4V to +4V 


Vout = +4V to -4V 


os 
Rise & Fall Time TR Vout = 0 to +200mV 7 +25°C 
10% <TR < 90% 
Tr VOUT = 0 to -200mV 7 
10% < TF < 90% 
ee 


VoutT = 0 to +200mV 
VouT = 0 to -200mV 
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TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 
Device Characterized at: Supply Voltage = +15V, RLOAD = 2kN, CLOAD = 50PpF, Ay = +10V/V, Unless Otherwise Specified. 


LIMITS 


UNITS 


8 yV/OC 


Differential Input 
Resistance 


4 
5] 3 


Low Frequency 
Peak-to-Peak Noise 


< 
3 
xe) 


Input Noise Voltage Rs = 202, fo = 10Hz 
Density 


3 
~ 


Rg = 209, fp = 100Hz 


3 

Ss 
al ala 
NI} NIT ON 


Rg = 202, fg = 1kHz 


3 
Ss 


Input Noise Current Rs = 2MN), fo = 10Hz 
Density 


g 
a 


Rg = 2MQ, fg = 100Hz 


se) 
z 
a 


se) 
BER 
aa 
ae ee 

N 


< 


EEE 


CLSG | RL =2k9,C, =50pF -55°C to +1259C | +10 


NOTES: 1. Parameters listed in Table 3 are controlled via design or process parameters and are not directly tested at final production. These parameters are 
lab characterized upon initial design release, or upon design changes. These parameters are guaranteed by characterization based upon data 
from multiple production runs which reflect lot to lot and within lot variation. 


. Full Power Bandwidth guarantee based on Slew Rate measurement using FPBW = Slew Rate/(2nVpF ax). 
. Quiescent Power Consumption based upon Quiescent Supply Current test maximum. (No load on outputs.) 


. Input Noise Voltage Density and Input Noise Current Density is sample tested on every lot. 


a £& W N 


- Offset adjustment range is [ Vig (Measured) = 1MV ] minimum referred to output. 
This test is for functionality only to assure adjustment through OV. 


6. For differential input voltages greater than 0.7V, the input current must be limited to 25mA to protect 
the back-to-back input diodes. 


TABLE 4. ELECTRICAL TEST REQUIREMENTS 


MIL-STD-883 TEST REQUIREMENTS SUBGROUPS (SEE TABLES 1 & 2) 


Final Electrical Test Parameters 17,2, 3,4,5, 6,7 
Group A Test Requirements 1,2,055%,0, 0.7 


* PDA applies to Subgroup 1 only. 


The Subgroup assignments of the parameters in these tables were patterned after Mil-M-38510/135, 
with the exception of Vio, which is Subgroups 1, 2, and 3. 
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Test Circuit (Applies to Tables 1 and 2) 
200 1.8K 


ACQuT 


ALL RESISTORS = + 1% (22) 
ALL CAPACITORS = + 10% (uF) 


50pF* 


*INCLUDES STRAY 
CAPACITANCE 
FOR LOOP STABILITY, 
USE MIN VALUE CAPACITOR 
TO PREVENT OSCILLATION 


1 $4 
For Op-Amp Test Circuits and Conditions, Refer to the Harris Tech Brief “HA-5147 Op-Amp Test 
Methods”. The HA-5147/883 is A.C. Tested (Table 2) at Ay = +10V/V. 


OP AMPs & 
COMPARATORS 


Test Waveforms 


SIMPLIFIED TEST CIRCUIT (Applies to Table 2) 


SLEW RATE WAVEFORM 


+ 0.4V + 0.4V 4 + 4.0V 
INPUT 

- 0.4V - 0.4V - 4.0V - 4.0V 

+ SR - SR 

TRANSIENT RESPONSE WAVEFORM 
+ 20mV OV 
INPUT 
OV - 20mV 
Tr + OS Te; -OS 


NOTE: Measured on Both positive and negative transitions. 
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Burn-In Circuits 


HA-5147/883 


HA7-5147/883 CERAMIC DIP 


NOTES: 

Ry = R3 = 1kQ, +5%, 1/4W (Min) 

Ro = 10k +5%, 1/4W (Min) 

Cy = Cop = 0.01pF/ per Socket (Min) or 0.1 uF/Row (Min) 
Dy = Dp = IN4002 or Equivalent/Board 

| (V+) - (V-) |= 30V 


HA4-5147/883 CERAMIC LCC 
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Schematic Diagram 


V+ 


[7] 


[1 | ——_——— BALANCE —__~|8 | 


R16 R20 R21 R17 
aP35 apa3 apa4 aP38 
ie ees oat 
pac AP eo] nen | cs Boe 


rt Jp a 
QP36A 


B ; 
an2 ae “A Le = ant 
™  (TaN2a 


apao nee: 
, + 
t 


+INPUT INPUT 
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Die Characteristics 


DIE DIMENSIONS: 
104.3 x 65 x 19 mils 
(2650 x 1650 x 483 um) 
METALLIZATION: 
Type: Aluminum 
Thickness: 16kA + 2kA 
WORST CASE CURRENT DENSITY: 
3.6 x 105A/cm2 @15mA 
This device meets Glassivation Integrity Test 
requirement per Mil-Std-883 Method 2021 and 
Mil-M-38510 paragraph 3.5.5.4. 


SUBSTRATE POTENTIAL (Powered Up): V- 


Metallization Mask Layout 


GLASSIVATION: 
Type: Silox 
Thickness: 7kA + 0.7kA 


TRANSISTOR COUNT: 63 
PROCESS: HFHB Bipolar Dielectric Isolation 
DIE ATTACH: 
Material: Gold/Silicon Eutectic Alloy 
Temperature: Ceramic DIP — 460°C (Max) 
Ceramic LCC — 420°C (Max) 
Metal Can — 420°C (Max) 


HA-5147/883 


BAL V+ 


OUTPUT NC 


NOTE: Pin Numbers Correspond to 8 Pin Metal Can and Mini-DIP Package Only. 
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Packaging t 
8 PIN CERAMIC DIP 


LEAD MATERIAL: Type B 

ory — LEAD FINISH: Type A 
: PACKAGE MATERIAL: Ceramic, 90% Alumina 
PACKAGE SEAL: 

Material: Glass Frit 

Temperature: 450°C + 10°C 

Method: Furnace Seal 
INTERNAL LEAD WIRE: 


.290 
.310 


af 
~=/ * Ta: 
— oe 15 Material: Aluminum 
Diameter: 1.25 Mil 
950 * « INCREASE MAX LIMIT BY .003 INCHES Bonding Method: Ultrasonic 
——— MEASURED AT CENTER OF FLAT FOR COMPLIANT OUTLINE: 38510 D-4 
-065 SOLDER FINISH 


20 PAD CERAMIC LCC 


PAD MATERIAL: Type C 
PAD FINISH: Type A 
FINISH DIMENSION: Type A 
PACKAGE MATERIAL: Ceramic, 90% Alo03 
PACKAGE SEAL: 
Material: Gold/Tin (80/20) 
Temperature: 320°C + 10°C 
Method: Furnace Braze 
INTERNAL LEAD WIRE: 
Material: Aluminum 
Diameter: 1.25 Mil 
Bonding Method: Ultrasonic 
COMPLIANT OUTLINE: 38510 C-2 


OP AMPs & 
COMPARATORS 


8 PIN TO-99 METAL CAN 


-505 
‘560 LEAD MATERIAL: Type A 


LEAD FINISH: Type C 
PACKAGE MATERIAL: Kovar Header with 


010 
Nickel Can 


045 
PACKAGE SEAL: 

Material: No Seal Material 

Temperature: Room Temperature 

Method: Resistance Weld 
INTERNAL LEAD WIRE: 

Material: Aluminum 

Diameter: 1.25 Mil 

Bonding Method: Ultrasonic Bonded 
COMPLIANT OUTLINE: 38510 A-1 


335321 
370 .325 


So 


*Dimension Maximum Limits Are Increased by 0.003 inches for Solder Dip Finish 


NOTE: All Dimensions are ean , Dimensions are in inches. t Mil-M-38510 Compliant Materials, Finishes, and Dimensions. 
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DESIGN INFORMATION Ultra-Low Noise, Precision, High Slew Rate 
Wideband Operational Amplifier 


The information contained in this section has been developed through characterization by Harris Semiconductor and is for 
use as application and design aid only. These characteristics are not 100% tested and no product guarantee is implied. 


Typical Performance Curves Unless Otherwise Specified: Ta = +25°C, VguppLy = +15V 
OFFSET VOLTAGE TYPICAL DRIFT vs. TEMPERATURE NOISE CHARACTERISTICS 


12 
THO) COE ooo 
ANCES Pee Fea 
FSS Eo 
FERRER TTS AME 
SECON TT 
a8 CNT Cn Cn 
SERGE PUSES ee SORRCEE aC 
SONG OS RGSS GSES ORM Fa Ui Bl) RAUL 
aw LEEITTETETE PET TEN | LUTE Uitte 


TITTIES a Hm a 
100 120 Ba CURRENT NOISE 


TEMPERATURE (0C) BE Hh 


100 1K 10K 100K 
FREQUENCY - Hz 


> 


OFFSET IN MICROVOLTS 
CURRENT NOISE pA/VHz 


VOLTAGE NOISE nV/VHz 


Nn 


NOISE vs. SUPPLY VOLTAGE CMRR vs. FREQUENCY 


st mn ne an a 
Ban 600 0 
PUI TMT ETN TIT TUTTI SST 
CCC CTS 
SUIT TANT TOIT CTI UTE EIN TT 
UUM LIM VA AU UV AL 


100 10K 100K 1M 
FREQUENCY - Hz 


CMRR - dB 


a 
i 
a 
> 
3 
— 
o 
< 
= 
— 
o 
> 
ua 
= 
o 
= 
= 
=> 
a 
= 


SUPPLY VOLTAGE (+VOLTS D.C.) 


OFFSET VOLTAGE DRIFT vs. TIME Avot AND Vour vs. LOAD RESISTANCE 
sees Fees pe ats etm Rae DBE 
a ae ee eee 


AVOL (100KV/V)AND Voyt(VOLTS) 


ro mon owe = 


LOAD RESISTANCE (Kohms) 
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DESIGN INFORMATION (continuea) 


The information contained in this section has been developed through characterization by Harris Semiconductor and is for 
use as application and design aid only. These characteristics are not 100% tested and no product guarantee is implied. 


Typical Performance Curves unless Otherwise Specified: Ta = +25°C, Vgyppiy = +15V 


PSRR vs. FREQUENCY OPEN LOOP GAIN AND PHASE vs. FREQUENCY 


i Sea 


Frases TE TTTINE LEETME ELTA TUTTI 

a a a a 

Wa Pe alll 

Ma aiiill| 

CHM 

Com | sai a a 
rit tn 


ee “aes ah UTNE LT 


FREQUENCY - Hz 100 1K 10K 100K 1M 10M 100M 
FREQUENCY - Hz 


100 


CLOSED LOOP GAIN AND PHASE vs. FREQUENCY NORMALIZED SLEW RATE vs. TEMPERATURE. 
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40 
w Lf ees MME ETM SSuE Th il re ere eat 
- ss sui ma a ING it x AaWupeaann 
20 RL =2KQ wo 1.02 
|| cess Null a ae ae ee lee 
10 <= 1.01 
\ ee ee 
0 0 =a 10 A | 
mh x = NS 
aii iz 
i aaa tL ee 
o 
* : 
TCU ee i < 
90 
ETI EAT UTI FEBS rt “ane SHEER 
TSK 0.97 
UTA FREI ELAINE NI 
‘a 0.96 


PLUME LAM VV EAN | ENS 


1K 10K 10M 100M -6 100 120 
” repaee re * TEMPERATURE (0C) 


Vout MAX vs. FREQUENCY 
SUPPLY CURRENT vs. TEMPERATURE UNDISTORTED SINEWAVE OUTPUT 


SUPPLY CURRENT (mA) 
VOLTS PEAK - TO - PEAK 


ee 
Be 


FREQUENCY (MHz) 


TEMPERATURE (°C) 
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DESIGN INFORMATION (continue) 


The information contained in this section has been developed through characterization by Harris Semiconductor and is for 
use as application and design aid only. These characteristics are not 100% tested and no product guarantee is implied. 


Typical Performance Information unless Otherwise Specified: Ta = +25°C, Vsypply = +15V 


SUGGESTED OFFSET VOLTAGE ADJUSTMENT 


Tested Offset Adjustment Range is | Vos +mV | minimum referred to output. Typical Range is +4mV with Ry = 10k. 


LARGE AND SMALL SIGNAL RESPONSE TEST CIRCUIT 


MEASURED LARGE SIGNAL RESPONSE MEASURED SMALL SIGNAL RESPONSE 
Vertical Scale: (Volts: Input = 0.5V/Div.) Vertical Scale: (Volts: Input = 10mV/Div) 
(Volts: Output = 5V/Div.) (Volts: Output = 100mV/Div.) 
Horizontal Scale: (Time: 500ns/Div.) Horizontal Scale: (Time: 100ns/Div.) 


IN 
IN 
+ 
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DESIGN INFORMATION (continueg) 


The information contained in this section has been developed through characterization by Harris Semiconductor and is for 
use as application and design aid only. These characteristics are not 100% tested and no product guarantee is implied. 


Typical Performance Information Unless Otherwise Specified: Ta = +25°C, Vgyppry = +15V 


SETTLING TIME TEST CIRCUIT 
O+15 


rs TO 
OSCILLOSCOPE 


VinO 
20082 


e Ay =-10 

e Feedback and summing resistors should be 0.1% 

@ Clipping diodes are optional. HP5082-2810 
recommended 


2KQ2 


SUGGESTED STABILITY CIRCUITS 


OP AMPs & 
COMPARATORS 


Low resistances are preferred for low noise applications as a 1k9 resistor has 4nV/,\/Hz of thermal noise. Total resistances 
of greater than 10k on either input can reduce stability. In most high resistance applications, a few picofarads of capaci- 
tance across the feedback resistor will improve stability. 


0.1Hz TO 10Hz NOISE WITH Ayc_L= 25,000V/V 
Horizontal Scale = 1sec/Div. 
Vertical Scale = 0.002uV/Div. 
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DESIGN INFORMATION (continuea) 


The information contained in this section has been developed through characterization by Harris Semiconductor and is for 
use as application and design aid only. These characteristics are not 100% tested and no product guarantee is implied. 


TYPICAL PERFORMANCE CHARACTERISTICS 
Device Characterized at: Supply Voltage = +15V, RL = 2kN, Ci = 50pF, Unless Otherwise Specified. 


PARAMETERS CONDITIONS TEMP 
Offset Voltage Vom =0V +25°9C 
Full 
| 


DESIGN 


TYPICAL LIMIT 


UNITS 


70 


Table 1 
Offset Voltage Drift Full Table 3 
Bias Current Vom = OV +25°C +15 Table 1 
Input Noise Voltage +2 Table 3 nV/\/Hz 


fo = 100Hz +250C Table 3 
fo = 1kHz +250C 


Voltage Gain VouT = £10V +25°C 
Full Table 1 MV/V 


38 


Settling Time 10V to 0.1% +25°C Table 3 
10V to 0.01% +250C Eee 


Minimum Supply Voltage Functional Operation Only. 
Other Parameters Will Vary. 


+ + 
NM ne) 
a 192) a 1) 


1 


N 


input Noise Current 


g 
a 


Table 3 


g 
a 


Tablet MV/V 


35 


80 


°o 


H 
D 


+5 


+ + + 
NM ise) nN 
oa oa 23) 
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HA-5151/883 


Single, Low Power 


January 1989 Operational Amplifier 


Features 


e This Circuit is Processed in Accordance to Mil-Std- 
883 and is Fully Conformant Under the Provisions of 
Paragraph 1.2.1. 


250)/A (Max) 


Single 3V to 30V 
or Dual +1.5 to +15V 


+$.R. 4V/ys (Min) 
6V/us (Typ) 


¢ Low Vos Drift (Over Full Temp) 3yuV/OC (Typ) 
e Low Noise (1kHz) 15nV/\/Hz (Typ) 
¢ 100% Tested at +15V and +5V Power Supplies 

e Dielectric Isolation 


e Low Supply Current 
e Wide Supply Voltage Range 


e High Slew Rate 


Applications 


¢ Portable Instruments 

e Meter Amplifiers 

e Telephone Headsets 

e Microphone Amplifiers 

e Remote Sensor/Transmitter 

e Battery Powered Equipment 

e For Further Design Ideas See App. Note 544 


Pinouts 


HA7-5151/883 (CERAMIC MINI-DIP) 
TOP VIEW 


HA4-5151/883 (CERAMIC LCC) 


Description 


The HA-5151/883 single operational amplifier is part of a 
family of dielectrically isolated bipolar amplifiers designed 
to provide excelllent AC performance while drawing less 
than 250yA of supply current at +25°C. This unity gain 
stable amplifier is especially well suited for portable and 
lightweight equipment where available power is limited. 


The HA-5151/883 combines superior low power AC 
performance with DC precision not usually found in general 
purpose amplifiers. The DC performance is centered 
around low input offset voltage (83mV), low offset voltage 
drift (3yV/OC), and low input bias current (250nA). This is 
combined with a very low input noise voltage of 15nV/,\/Hz 
at 1kKHz. 


The AC performance of the HA-5151/883 surpasses that of 
typical low power amplifiers with 4V/us slew rate and a full 
power bandwidth of 64kHz. This makes the 
HA-5151/883 an excellent choice for virtually all audio 
processing applications as well as remote sensor/ 
transmitter designs requiring both low power and high 
speed. The suitability of the HA-5151/883 for remote and 
low power operation is further enhanced by the wide range 
of supply voltages (+1.5V to +15V) as well as single supply 
operation (8V to 30V). 


The HA-5151/883 is available in 8 pin Ceramic Mini-DIP, 
20 pad Ceramic LCC or 8 pin (TO-99) Metal Can, and is 
interchangeable with most other operational amplifiers in 
their class. 


HA2-5151/883 (METAL CAN) 
TOP VIEW 
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Specifications HA-5151/883 


Absolute Maximum Ratings 


Voltage Between V+ and V- Terminals. ................202005 35V 
EAT NU VON AOE 2 5)0o 5 no's cea ie ese en cee wacsmente 7V 
Voltage at Either Input Terminal ..................2. 008s V+ to V- 
Oulpet Current 2s 8% Be OSs Se Full Short Circuit Protection 
irae Car EO nok go cas wo ey che hea eck Indefinite, 

One Amplifier Shorted to Ground 
Junction Temperature (Tj) ...... cece cecccccccccwuevlele’ +175°C 
Storage Temperature Range ................. -65°9C to +150°C 
LE IEEE ces co 2 tk SiSa hci s RAR Cae Pod a'e a aren ae ees <2000V 
Lead Temperature (Soldering 10 sec). ........... 00. 00ee +275°9C 


CAUTION: Absolute maximum ratings are limiting values, applied 
individually beyond which the serviceability of the circuit may be impaired. 
Functional operability under any of these conditions is not necessarily 
implied. 


Recommended Operating Conditions 


Operating Temperature Range ............... -559C to +125°C 
Operating Supply Voltage ........... cece cece eee +1.5V to +15V 
or 3V to 30V 


Thermal Information 


Thermal Resistance Bia Bic 
Ceramic DIP Package................: 83°C/W 28°9C/W 
Ceramic LCC Package ..............+- 749C/W 30°C/W 
Metal Can Package .............e.e08: 1499C/W = 45°C/W 

Package Power Dissipation Limit at +75°C For Ty < +175°9C 


CORIIC TH CO ssh ccc cea sace Cbamnncun@esccesee 1.21W 
Cenmnie CGC PRGKGOS coe iccccccceesvent se sankeeble 1.34W 
SARL TOs FOE oc 5s» va 08s sone DK ON SEOs Chan eaes 670mW 
Package Power Dissipation Derating Factor Above +759C 
Céramit DIP Package’ >. 75: oP) EL 12.1mW/°C 
Ceramic iGC Packeae =... 2s... ccs Sethe 13.4mW/°C 
RATIO PROCMNOO occ cacscas e000 tpebeeerana 6.7mW/°C 


ViNcm < 1/2 (V+ - V-) 
Ru > 10kN 


TABLE 1. D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 


Device Tested at: RSOURCE = 100M, RLOAD = 500k, VouT = OV, Unless Otherwise Specified. 
Subscript 1 Refers to Supply Voltages (+Vs) = +15V, Subscript 2 Refers to +Vs = 5.0V, -Vs = 0.0V. 


Input Offset Voltage Vom = OV 


Input Bias Current 


+Rg = 10k 
-Rg = 1009 


+Rsg = 1002 
-Rs = 10k 


Input Offset Current 


+Rg = 10kN 
-Rg = 10kN 


Common Mode Range 


V+ = 5V to 2V 
V- = OV to -3V 
Vout = 1.4V to -1.6V 


GROUP A 
D.C. PARAMETERS SYMBOL CONDITIONS SUBGROUP | TEMPERATURE | MIN. | MAX. | UNITS 


Vom = OV, VouT = 1.4V 


Vom = OV, VouT = 1.4V 


Vom = OV, VouT = 1.4V 


LIMITS 


ee ee ee ee 
| 23 | +12s0c,-ss0c | -¢ | 4 | mv | 


V 
+25°9C mV 


3 


Ss = 


= 
> 


= | 


= | 


= 


= 


= | 


= 


+125°9C, -55°C 
+125°9C, -55°C 


at aa 


Oto3 


CAUTION: This device is sensitive to electrostatic discharge. Proper |.C. handling procedures should be followed. 
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Specifications HA-5151/883 


TABLE 1. D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 
Device Tested at: RSOURCE = 100, RLOAD = 500k2, VourT = OV, Unless Otherwise Specified. 


Subscript 1 Refers to Supply Voltages (+Vs) = 


D.C. PARAMETERS SYMBOL 


Large Signal 
Voltae Gain 


+AVOL1 


-AVOL1 


+AVOL2 


Common Mode +CMRRq | AVcy = 10V +25°9C Pao 
Rejection Ratio +V = 5V 
-V=-25V +1259C, -55°9C 
VOUT = -10V 
-~CMRRyz | AVom = 10V Fad diatetels +25°9C | 0 
+V = 25V 
-V=-5V 2,3 +1259C, -55°9C 
Vout = 10V 
+CMRRo | AVcry = OV to 3V = +25°C 8 
+V =2V 
-V=-3V 2,3 +1259C, -55°9C 
VOUT = -SV 


+VOUT2 


-VouT2 


Quiescent Power 
Supply Current 


+ICC1 


a oe 


+l¢ce 


Power Supply 
Rejection Ratio 


+PSRR4 


-PSRR4 


+PSRRo 


CONDITIONS 


VouT = OV and 10V 
Ri = 10k 


VouT = OV and -10V 
Ryu = 10kN 


Vout = 1.4V and 2.5V 
Riu = 10kN 


Output Voltage Swing +VouT1 | Ri = 10kn +25°9C 
2,3 +1259C, -559C 


Ru = 10kN 
Terminated at 2.5V 


Riu = 10k. 
Terminated at 2.5V 


AVsyup = 10V 
+V = 10V, -V = -15V 
+V = 20V, -V = -15V 


AVsup = 10V 
+V = 15V, -V =-10V 
+V = 15V, -V = -20V 


AVsup = 10V 
+V = 5V,-V=O0V 
+V = 15V,-V=0V 


+15V; Subscript 2 Refers to +Vs = 5.0V, -Vs = 0.0V. 


LIMITS 


+125°C, -559C ieee 

+25°9C | 50} | 
H12800,-55°0 | 25 
+res0,-s8e0 | 25 


bbe RBBEE CELE Ect sbl se hE 


GROUP A 


SUBGROUP | TEMPERATURE UNITS 


= 


kV/V 
kV/V 


2,3 +1259C, -55°9C 


+25°9C 


HH 


2,3 +125°9C, -55°C 


+25°9C 


nm 


3 FI25IC; -55°C 


+125°9C, Pucca 


+259C 


Le) 


_ ~ _ SY art ~ =i 
ié>) | 


3 +1259C, -559C “219 


+25°9C 


2.0 +125°9C, -559C es 


+25°9C 


mM 
_ ~ ab 


ES +1259C, -559C 


+25°9C 


ith 


2,3 +1259C, -55°9C 
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TABLE 2. A.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 


Device Tested at: RSOURCE = 50, RLOAD = 10kN, CLOAD = 100pF, Vout = OV, Unless Otherwise Specified. 
Subscript 1 Refers to Supply Voltages (+Vs) = +15V; Subscript 2 Refers to +Vs = 5.0V, -Vs = 0.0V. 
GROUP A 


LIMITS 
PARAMETERS SYMBOL CONDITIONS SUBGROUP __| TEMPERATURE MIN | MAX | UNITS 
Slew Rate +SR4 VouT = -3V to 3V +25°C V/us - 
Vin S.R. < 25V/us 
VouT = 3V to -3V +25°C = V/us 
Vin S.R. < 25V/ys 
+SRo2 VouT = OV to 3V +25°C V/us 
Vin S.R. < 25V/ps 
VouT = 3V to OV +25°C V/us 
Vin S.R. < 25V/ps 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


Device Tested at: RgguRCE = 50, RLOAD = 10kN, CLOAD = 100PF, Ay = 1V/V, Unless Otherwise Specified. 
Subscript 1 Refers to Supply Voltages (+Vs) = +15V; Subscript 2 Refers to +Vs = 5.0V, -Vs = 0.0V. 


LIMITS 
PARAMETERS SYMBOL CONDITIONS NOTES | TEMPERATURE | MIN: | MAX UNITS 


FPBWo VPEAK = 1.1V +25°9C 
VRef = 2.5V 

Minimum Closed Loop CLSG Ri = 10k, Cy = 100pF -55°C to +125°C VV 

Stable Gain 

Power Consumption 
NOTES: 1. Parameters listed in Table 3 are controlled via design or process parameters and are not directly tested at final production. These parameters are 

lab characterized upon initial design release, or upon design changes. These parameters are guaranteed by characterization based upon data 

from multiple production runs which reflect lot to lot and within lot variation. 


2. Full Power Bandwidth guarantee based on Slew Rate measurement using FPBW = Slew Rate/(2nVpe ax). 


3. Quiescent Power Consumption based upon Quiescent Supply Current test maximum. (No load on outputs.) 


TABLE 4. ELECTRICAL TEST REQUIREMENTS 


MIL-STD-883 TEST REQUIREMENTS SUBGROUPS (SEE TABLES 1 & 2) 


Final Electrical Test Parameters 


Groups C &D Endpoints 


* PDA applies to Subgroup 1 only. 
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HA-5151/883 


Test Circuit (Applies to Tables 1 and 2) 


<< Ovi 


FOR LOOP STABILITY, 
USE MIN VALUE CAPACITOR 
TO PREVENT OSCILLATION 


ALL RESISTORS = + 1% (9) 
ALL CAPACITORS = + 10% (:F) 


For Detailed Information, Refer to HA-5151/883 Test Tech Brief 


Test Waveforms 
SIMPLIFIED TEST CIRCUIT (Applies to Table 2) 


IN OUT 


502 10k. 100pF 


NOTE: +Vsyuppiy (+Vs) Tested with +15V and OV, +5V. Vin Slew Rate 
Maintained with Less Than 10V/us Input for Voltage Follower Configuration. 


SLEW RATE WAVEFORMS, Ay = 1V/V 


+VsyppLty= + 15V 


+ 3.0V + 3.0V + 3.0V 
INPUT 
- 3.0V - 3.0V - 3.0V 
+ VsyppLy= 5Y: -Vsuppry= °V 
+3.0V ——_— $30 + 3.0Vv-———__—_ + 3.0V 
INPUT 
OV OV OV OV 
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Burn-In Circuits 


HA7-5151/883 CERAMIC DIP 


HA4-5151/883 CERAMIC LCC 


HA2-5151/883 TO-99 METAL CAN 
+V 


NOTES: 

Ry = 1MQ, +5%, 1/4W (Min) 
Cz = Co = 0.01y)F/Socket (Min) or 0.1 4F/Row, (Min) 
C3 = 0.01)1F/Socket, 10% (Not Required) 

Dy = Do = IN4002 or Equivalent/Board 

| (V+) - (V-) |= 30V 
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HA-5151/883 


[intent 


Schematic Diagram 


+V 


ALL RESISTORS = (2) 
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Die Characteristics 


DIE DIMENSIONS: 
58.7 x 53.1 x 19 mils 
(1490 x 1350 x 483 um) 


METALLIZATION: 
Type: Aluminum 
Thickness: 16kA + 2kA 


WORST CASE CURRENT DENSITY: 
0.6 x 10°A/cm2 @ 2.5mA 


SUBSTRATE POTENTIAL (Powered Up): V- 


Metallization Mask Layout 


GLASSIVATION: 
Type: Nitride 
Thickness: 7kA + 0.7kA 
TRANSISTOR COUNT: 36 
PROCESS: HFSB Bipolar/JFET Dielectric Isolation 
DIE ATTACH: 
Material: Gold/Silicon Eutectic Alloy 
Temperature: Ceramic DIP — 460°C (Max) 
Ceramic LCC — 420°C (Max) 
Metal Can — 420°C (Max) 


HA-5151/883 


“we 


NOTE: Pad Numbers Refer io 8 Pin Ceramic Mini-DIP or Metal Can Package Pinouts Only. 
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HA-5151/883 


Packaging t 


8 PIN CERAMIC DIP 


395 140 245 
.005 MIN 160 | 265 


.200 MAX 
fs 


2015 l .150 MIN 
060 
.055 MAX 


.310 


125 ~~ .008* 15° 
.180 * .100 .015 
016 BSC 
023 
050 * « INCREASE MAX LIMIT BY .003 INCHES 
— MEASURED AT CENTER OF FLAT FOR 
-065 SOLDER FINISH 


20 PAD CERAMIC LCC 


.342 
-358 


.050 
BSC 


8 PIN TO-99 METAL CAN 


505 
560 


010 
045 


335 321 
370 .325 


[te 


*Dimension Maximum Limits Are Increased by 0.003 inches for Solder Dip Finish 


210 


NOTE: All Dimensions are ae , Dimensions are in inches. 
Y 
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LEAD MATERIAL: Type B 
LEAD FINISH: Type A 
PACKAGE MATERIAL: Ceramic, 90% Alumina 
PACKAGE SEAL: 

Material: Glass Frit 

Temperature: 450°C + 10°C 

Method: Furnace Seal 
INTERNAL LEAD WIRE: 

Material: Aluminum 

Diameter: 1.25 Mil 

Bonding Method: Ultrasonic 
COMPLIANT OUTLINE: 38510 D-4 


PAD MATERIAL: Type C 
PAD FINISH: Type A 
FINISH DIMENSION: Type A 
PACKAGE MATERIAL: Ceramic, 90% AloO3 
PACKAGE SEAL: 
Material: Gold/Tin (80/20) 
Temperature: 320°C + 10°C 
Method: Furnace Braze 
INTERNAL LEAD WIRE: 
Material: Aluminum 
Diameter: 1.25 Mil 
Bonding Method: Ultrasonic 
COMPLIANT OUTLINE: 38510 C-2 


LEAD MATERIAL: Type A 
LEAD FINISH: Type C 
PACKAGE MATERIAL: Kovar Header with 
Nickel Can 
PACKAGE SEAL: 
Material: No Seal Material 
Temperature: Room Temperature 
Method: Resistance Weld 
INTERNAL LEAD WIRE: 
Material: Aluminum 
Diameter: 1.25 Mil 
Bonding Method: Ultrasonjc Bonded 
COMPLIANT OUTLINE: 38510 A-1 


t Mil-M-38510 Compliant Materials, Finishes, and Dimensions. 
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DESIGN INFORMATION 


HA-5151 


Single, Low Power 
Operational Amplifier 


The information contained in this section has been developed through characterization by Harris Semiconductor and is for 
use as application and design aid only. These characteristics are not 100% tested and no product guarantee is implied. 


Typical Performance Curves unless Otherwise Specified: Ta = +25°C, VsyppLy = +15V 


Normalized to Unity at +25°C, 6 Representative Units 


SLEW RATE (CHANGE FROM +25°C) 


SLEW RATE vs. TEMPERATURE 


18 ot Tatas bat Pore 
ko 99 RY PS a a 
ie peer | tt) Pr 
eS a 
a a 
190 ol ae 
PP es sk ~  — —S 
re a 2 OO a GN an 
0.96 + |Last tt tt A OSS 
ree A a MT  ~ 
Paes al ie a a a a Se a 
0.93 tt tt + NY 
ee ai i SM ae Ms ES RS 
i a 5 SG A 2 A Ne 
apes bei ir 


-60 ~40 -20 0 20 40 60 80 
TEMPERATURE (°C) 


100 


120 


PEAK-TO-PEAK NOISE 0.1Hz TO 10Hz 
Ta = +25°C, Ay = 1000V/V 


: 
$ 
¢ 
* 
¥ 
+ 
bs 


Vertical Scale: (Voits: 100yus/Div.) 
Horizontal Scale: (Time: 1sec/Div.) 


FREQUENCY RESPONSE vs. SUPPLY VOLTAGE 


VOLTAGE GAIN (db) 


Ta = +259C, Ru = 10K, Cy, = 100pF 
GAIN WITH 


COTS vec 22 tossv ARCH 


Ce <3 
ine SHLISUBGIB 
“Lucha PSO 


o 
PHASE SHIFT (DEGREES) 


CTT TT 
UT TTT TTT NS ‘Ue 
CTIA HY TTI TENS A 


10 10K 100K 1M 10M 
FREQUENCY (Hz) 


PHASE WITH 
Vec = +2V TO +15V 


-180 


1000 


‘Hz 


INPUT NOISE VOLTAGE nV/\ 
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-_ 
oO 
Oo 


_ 
oO 


PT TT 
SSS Esiiis mE 


Best 1 SSS er eee 
h—{—+ INPUT ie aie emaees zeal 


ain 
10 i = SEE! 


NOISE SPECTRAL DENSITY 


INPUT NOISE CURRENT pA/\V Hz 


ttt | tiiimaai a 00 


10K 100K 


Seas i 


PEAK-TO-PEAK 0.1Hz TO 1MHz 
Ta = +25°C, Ay = 1000V/V 


Vertical Scale: 
Horizontal Scale: 


(Volis: 1mV/Div.) 
(Time: 1sec/Div.) 


FREQUENCY RESPONSE AT VARIOUS GAINS 
Ta = +259C, Voc = +15V, Ry = 10K, CL = 100pF 


VOLTAGE GAIN (dB) 


Ballad cam (ay=sooovivy |_| | 
EBllimn:! Hill 


GAIN (Ay = 10V/V) 


bn | | el | 
aa aeeauinsi mH TS 
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100K 
FREQUENCY (Hz) 
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HA-51517 


DESIG N IN FO RMATION (Continued) 


The information contained in this section has been developed through characterization by Harris Semiconductor and is for 
use as application and design aid only. These characteristics are not 100% tested and no product guarantee is implied. 


Typical Performance Curves Unless Otherwise Specified: Ta = +25°C, VgyppLy = £15V 


OUTPUT VOLTAGE SWING vs. SUPPLY VOLTAGE OUTPUT CURRENT vs. SUPPLY VOLTAGE 
(+25°C) (+25°C) 


en re Oe ee ee ee 
Eos a ee Se a Ee 8 


5 aM Ee Ms Bap AS eee | ie eet | 
ree oe RE Ws SY Pd NS om BPS 2 re 
Resse cseeeee MEGKEACD“GR800i 
eB 8 awa Al a 
ces adr ms : BRee ev aaneee 
aus BS BB OR SG Sig, RN 0 i 5 / 
> See er es ee o> et eee |e 
Po ee oe al E ae el 
ecesensn—nse TU eeer 
Ae eb eee 
ites (ot ae ae leek | ei | 
es 2A aM 

11 1 


3 15 1 3 5 7 9 11 13 15 
SUPPLY VOLTAGE (+/-V) SUPPLY VOLTAGE (+/-V) 


fe 
BO 
0 
O.. 
Sa 
CMRR AND PSRR vs. SUPPLY VOLTAGE SUPPLY CURRENT vs. SUPPLY VOLTAGE rs 
(+259C) Per Amplifier (+25°C) re) = 
O 


250 


240 


230 


220 


210 


REJECTION RATIOS (dB) 


200 


SUPPLY CURRENT ‘:A/AMPLIFIER) 


190 


180 
1 3 5 7 9 11 13 15 


SUPPLY VOLTAGE (+/-V) SUPPLY VOLTAGE (+/-V) 


CMRR vs. FREQUENCY 
Ta = +259C, Voc = +15V 


CMRR(dB) 


FREQUENCY (Hz) 


3-415 


HA-51517 


DESIGN INFORMATION (continuea) 


The information contained in this section has been developed through characterization by Harris Semiconductor and is for 
use as application and design aid only. These characteristics are not 100% tested and no product guarantee is implied. 


Typical Performance Curves unless Otherwise Specified: Ta = +25°C, VgyppLy = £15V 
MEASURED SMALL SIGNAL RESPONSE 


MEASURED LARGE SIGNAL RESPONSE 
(Volts: Input = 5V/Div.; Output = 2V/Div.) Vertical Scale: (Volts: Input = 100mV/Div.; Output = 50mV/Div.) 


Vertical Scale: 
Horizontal Scale: (Time: 5ys/Div.) 


Horizontal Scale: (Time: 5ys/Div.) 


SV 


INPUT | INPUT 


OUTPUT fae OUTPUT 


BREED SeNNHNARNONHOHOUGOUNNnnS 


+VSUPPLY = +15V, -VSUPPLY = -15V +VSUPPLY = +15V, -VsUuPPLY = -15V 


MEASURED SMALL SIGNAL RESPONSE 
Vertical Scale: (Volts: Input = 100mV/Div.; Output = 50mV/Div.) 
(Time: 5ys/Div.) 


MEASURED LARGE SIGNAL RESPONSE 
Vertical Scale: (Volts: Input = 1V/Div.; Output = 1V/Div.) 
Horizontal Scale: (Time: 5ys/Div.) Horizontal Scale: 


INPUT INPUT 


OUTPUT fae OUTPUT 


+VSUPPLY = +5V; -VSUPPLY = OV 


+VSUPPLY = +5V, -VSUPPLY = OV 
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HA-5151 


DESIGN INFORMATION (continue) 


The information contained in this section has been developed through characterization by Harris Semiconductor and is for 
use as application and design aid only. These characteristics are not 100% tested and no product guarantee is implied. 


Typical Applications Unless Otherwise Specified: Ta = +25°C, Vsuppiy = +15V 


Loading 


Although the standard load is 10k, the HA-5151 is 
capable of driving resistive loads down to 2kN and 
capacitive loads beyond 300pF. 


Input Stage 


This amplifier uses a current amplifying input stage (see 
Application Note 544) and is not recommended for use in 
applications which involve large differential input voltages 
such as open-loop comparators. Most op amp applications 
use feedback and keep the input terminals at approximately 
the same voltage. The HA-5151 will perform well in these 
circuits as long as the input terminals see less than 7 volts 
differential. 


Typical Applications 


The low power consumption of the HA-5151 makes 
it ideal for applications like battery-powered 
instrumentation where the bridge amplifier circuit below 
would be used. 


Choose a low-current zener voltage reference such as 
LM285Z-2.5 and select RR accordingly. This circuit 
was evaluated using the resistor values shown and a 
laboratory voltage source for the 2.5V reference. With 
unmatched, off-the-shelf, 1% resistors, a gain accuracy of 
1% to 2% can be expected. Temperature testing indicated a 
voltage offset tempco of less then 100yV/oC referred 
to output. 


Vout = Vp - Vn) 2 (1 +2) +vR 
RG 
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DESIGN INFORMATION (continued) < 


The information contained in this section has been developed through characterization by Harris Semiconductor and is for 
use as application and design aid only. These characteristics are not 100% tested and no product guarantee is implied. 


TYPICAL PERFORMANCE CHARACTERISTICS 
Device Characterized at: Supply Voltage = OV, 5 to +15V, Ri = 10kQ, Cy = 100pF, Unless Otherwise Specified. 


DESIGN 
PARAMETERS CONDITIONS TYPICAL LIMIT UNITS 


Offset Voltage Vom = OV Table 1 
Bias Current Vom = OV +25°9C, +1259C Table 1 


TEMP 


Full 


OFtset Curent vom =v Tabe 
2 


5 


Peers 

Input Noise Voltage fg = 10Hz | 25 | nA 

: 08-0 | 
| 04 2, 
[Tablet 
[Tablet | 


> 


Input Noise Current 


5 


8 
Ri = 10k2 +259C, +125°9C 150K Table 1 


Large Signal Voltage Gain 


PSRR Full Eom | | Table 1 dB 
Uniy Gain Bandit (9-308 raeot fs 


Fall Time Vg = £15V, Vo = -200mV -55°C, +25°C 110 ae as ee 


180 


Supply Current Vs = OV, 5V +25°C Table 1 
Vs = +15V Table 1 


3-418 


i} HARRIS 


HA-5152/883 


Dual, Low Power 


January 1989 Operational Amplifier 


Features 


e This Circuit is Processed in Accordance to Mil-Std- 
883 and is Fully Conformant Under the Provisions of 
Paragraph 1.2.1. 


500uA (Max) 


Single 3V to 30V 
or Dual +1.5 to +15V 


+S.R. 4V/us (Min) 
6V/us (Typ) 


¢ Low Vos Drift (Over Full Temp) 3yV/°C (Typ) 
e Low Noise (1kHz) 15nV/\/Hz (Typ) 
e 100% Tested at +15V and +5V Power Supplies 


e Low Supply Current (Both Amplifiers) 
e Wide Supply Voltage Range 


e High Slew Rate 


e Dielectric Isolation 


Applications 


¢ Portable Instruments 

e Meter Amplifiers 

e Telephone Headsets 

e Microphone Amplifiers 

e Remote Sensor/Transmitter 

e Battery Powered Equipment 

e For Further Design Ideas See App. Note 544 


Pinouts 


HA7-5152/883 (CERAMIC MINI-DIP) 
TOP VIEW 


HA4-5152/883 (CERAMIC LCC) 


Description 


The HA-5152/883 dual operational amplifier is part of a 
family of dielectrically isolated bipolar amplifiers designed 
to provide excelllent AC performance while drawing less 
than 250A of supply current per amplifier at +25°C. This 
series consists of single (5151), dual (5152) or quad (5154), 
unity gain stable amplifiers which are especially well suited 
for portable and lightweight equipment where available 
power is limited. 


The HA-5152/883 combines superior low power AC 
performance with DC precision not usually found in general 
purpose amplifiers. The DC performance is centered 
around low input offset voltage (3mV), low offset voltage 
drift (uV/OC), and low input bias current (250nA). This is 
combined with a very low input noise voltage of 15nV/\/Hz 
at 1KHz. 


The AC performance of the HA-5152/883 surpasses that of 
typical low power amplifiers with 4V/us slew rate and a full 
power bandwidth of 64kHz. This makes_ the 
HA-5152/883 an excellent choice for virtually all audio 
processing applications as well as remote sensor/ 
transmitter designs requiring both low power and high 
speed. The suitability of the HA-5152/883 for remote and 
low power operation is further enhanced by the wide range 
of supply voltages (+1.5V to +15V) as well as single supply 
operation (3V to 30V). 


The HA-5152/883 is available in 8 pin Ceramic Mini-DIP, 
20 pad Ceramic LCC or 8 pin (TO-99) Metal Can, and is 
interchangeable with most other operational amplifiers in 
their class. 


HA2-5152/883 (METAL CAN) 
TOP VIEW 
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Specifications HA-5152/883 


Absolute Maximum Ratings 


Voltage Between V+ and V- Terminals..................000- 35V 
f2itporonsiol Usa YOUNG AG «sc oc ois cv oc cc ccc bun ce'vew acca 7V 
Voltage at Either Input Terminal ....................000- V+ to V- 
Output Current ot. 2s Ok Full Short Circuit Protection 
OUTDO UIC ai aos so bce wo hoe Indefinite, 

One Amplifier Shorted to Ground 
Junction Temperature (Tj) .......cccsccc cece sutdachins +175°9C 
Storage Temperature Range ................. -65°C to +150°C 
Remwe PROWN sca lil Lasts Ce cyee oor e erat se ee <2000V 
Lead Temperature (Soldering 10 sec)................05 +275°C 


CAUTION: Absolute maximum ratings are limiting values, applied 
individually beyond which the serviceability of the circuit may be impaired. 
Functional operability under any of these conditions is not necessarily 
implied. 


Thermal Information 


Thermal Resistance 9ja Bic 
Ceramic DIP Package ................. 829C/W  26°9C/W 
Ceramic LCC Package ................ 749C/W =20°C/W 
Metal Can Package ............. ies 1119C/W =35°9C/W 

Package Power Dissipation Limit at +75°C For Ty < +1759C 


GOrarine Ll PachnGes. 56. Soe bi es veo o ceca eikncs 1.22W 
Ceramic LCC Package... 2... ccc cnc cc cnn cd oe hatch uh 1.35W 
RE Sri Nino ks « Gad bw bso had Ses ewan 900mW 
Package Power Dissipation Derating Factor Above +75°C 
Ceramic DIP Package........ PEORREAR IOP oe tip ae 12.2mW/°C 
Ceramic LCC Package .........ccc ccc sete eta batts 13.5mW/°C 
I I sien 5 ds cs an: bk akc ben 9mW/°C 


Recommended Operating Conditions 


Operating Temperature Range ............... -§59C to +125°9C 
Operating Supply Voltage ............ceeccsenees +1.5V to +15V 
or 3V to 30V 


ViNcm < 1/2 (V+ - V-) 
Ry > 10kN 


TABLE 1. D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 


Device Tested at: RSQURCE = 1002, RLOAD = 500k2, Vout = OV, Unless Otherwise Specified. 


Subscript 1 Refers to Supply Voltages (Vs) = +15V, Subscript 2 Refers to +Vs = 5.0V, -Vs = 0.0V. 


D.C. PARAMETERS SYMBOL CONDITIONS 


Input Offset Voitage Vio1 Vom = OV 


Input Bias Current 


+Rg = 10kN 
-Rg = 1009 


+Rsg = 1000 
-Rs = 10kN 


Input Offset Current 


+Rs = 10kN 
-Rs = 10kN 


Common Mode Range 


V+ = 25V 
V- =-5V 


V+ = 5V to 2V 
V- = OV to -3V 
VouT = 1.4V to -1.6V 


Vom = OV, VouT = 1.4V 


Vom = OV, VouT = 1.4V 


Vom = OV, VouT = 1.4V 


GROUP A LIMITS 
SUBGROUP | TEMPERATURE | MIN | UNITS 


m 


en | eee a 
[2.0 | vase0,-2806 | 2) 
mee: 
ae 


m 
m 


+1259C, -55°C 


m 


> 


ee eee 


n 


> 


n 


+1259C, -55°C 


> 


Pa oes 
ea | == 


> 


n 


| =] 


+125°9C, -55°C 


+1259C, -55°C 


= | 


a 


Pir] ET 5 
[a3 | wras06,-2806 [10 
er ae 
[2.8 | wrases,-s006 | 
a ee Eo 
gees [2103 | 


+1259C, -55°C 


Vv 


CAUTION: This device is sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
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Specifications HA-5152/883 


TABLE 1. D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


Device Tested at: RSOURCE = 1002, RLOAD = 500k, VouT = OV, Unless Otherwise Specified. 
Subscript 1 Refers to Supply Voltages (Vs) = +15V; Subscript 2 Refers to +Vs = 5. OV, whe 0.0V. 


LIMITS 
GROUP A 
D.C. PARAMETERS SYMBOL CONDITIONS SUBGROUP | TEMPERATURE 


Large Signal +AyoL1 | VouT = OV and 10V 
Voltae Gain Ri = 10k2 
oie a ‘ +125°C, -55°C 
~AVOL1 


+AVOL2 


+1250C, -55°C 
+CMRR4 


UNITS 


§ 


Vout = 0V and -10V 
RL = 10k 


“cE 


$ 


Vout = 1.4V and 2.5V_ 
Ry = 10k 


kV/V 


+125°C, : ~55°C 


Common Mode 
Rejection Ratio 


ote 


+1 250¢, -550C 


| 5 
<a 
sl 
om 
= 


+V = 25V a 

-V=-5V +1250C, -550C os 3 

VouT = 10V @ : 

+V=2V < :! 

-V=-3V +1259C, -55°C Oo O 

VouT = -3V oO 
+1250C, -55°C =e 


+1250C, - 55°C 


-VouT1 | RL = 10k2 
+VouT2° | Ri = 10k. 
Terminated at 2.5V 
-VouT2 
-Icc1 
+ICc2 


+PSRR4 


Ry = 10k 
Terminated at 2.5V 


. 


Quiescent Power Supply 
Current (Both Amplifiers) 


VouT = 1.4V 
lout = OmA 


AVsup = 10V 
+V = 10V,-V =-15V 
+V = 20V, -V = -15V 


AVsup = 10V 
+V = 15V, -V =-10V 
+V = 15V, -V =-20V 


AVsup = 10V 


-PSRR 
+V = 5V,-V=0V 


+PSRRo 
+V = 15V, -V=0V 
=! 


Power Supply 
Rejection Ratio 


rEEEREEE 


Channel Separation 


3-421 


HA-5152/883 


TABLE 2. A.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 


Device Tested at: RSQURCE = 502, RLQAD = 10k, CLOAD = 100pF, VouT = OV, Unless Otherwise Specified. 
Subscript 1 Refers to Supply Voltages (+Vs) = +15V; Subscript 2 Refers to +Vg = 5.0V, -Vs = 0.0V. 


LIMITS 
GROUP A 
PARAMETERS SYMBOL CONDITIONS SUBGROUP | TEMPERATURE min | max | UNITS 
Slew Rate +SR4 VouT = -3V to 3V +25°9C V/s 
VIN S.R. < 25V/us 

VOUT = 3V to -3V 

Vin S.R. < 25V/ps 
+SRo VouT = OV to 3V 

Vin S.R. < 25V/ys 

VouT = 3V to OV 

Vin S.R. < 25V/us 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


Device Tested at: RSgQURCE = 502, RLOAD = 10kN, CLOAD = 100pF, Ay = 1V/V, Unless Otherwise Specified. 
Subscript 1 Refers to Supply Voltages (+Vs) = +15V; Subscript 2 Refers to +Vs = 5.0V, -Vs = O.0V. 


PARAMETERS SYMBOL CONDITIONS NOTES | TEMPERATURE 


Gain Bandwidth Product GBWP Vo = 200MV, fo = 10kHz re 
Full Power Bandwidth FPBW 4 VPEAK = 10V a a es 


FPBWo VPEAK = 1.1V 
VRef = 2.5V 
Minimum Closed Loop CLSG RL = 10kQ, Cy = 100pF -55°C to +125°C 
Stable Gain 


Power Consumption 
NOTES: 1. Parameters listed in Table 3 are controlled via design or process parameters and are not directly tested at final production. These parameters are 
lab characterized upon initial design release, or upon design changes. These parameters are guaranteed by characterization based upon data 
from multiple production runs which reflect lot to lot and within lot variation. 


2. Full Power Bandwidth guarantee based on Slew Rate measurement using FPBW = Slew Rate/(2nVp_e ax). 


3. Quiescent Power Consumption based upon Quiescent Supply Current test maximum. (No load on outputs.) 


TABLE 4. ELECTRICAL TEST REQUIREMENTS 


MIL-STD-883 TEST REQUIREMENTS SUBGROUPS (SEE TABLES 1 & 2) 
Interim Electrical Parameters (Pre Burn-in) Mees SORE ees 


Final Electrical Test Parameters 
Groups C &D Endpoints 


* PDA applies to Subgroup 1 only. 
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Test Circuit (Applies to Tables 1 and 2) 


<i 7 


FOR LOOP STABILITY, 
USE MIN VALUE CAPACITOR 
TO PREVENT OSCILLATION 


10K 


OPEN 20 


$1 


OPEN 20 4 
$2 


ALL RESISTORS = + 1% (22) 
ONE OF TWO TEST LOOPS FOR THE HA - 5152/ 883 ALL CAPACITORS = + 10% (HF) 


For Detailed Information, Refer to HA-5152/883 Test Tech Brief 


OP AMPs & 
COMPARATORS 


Test Waveforms 
SIMPLIFIED TEST CIRCUIT (Applies to Tabie 2) 
+ Vs 


NOTE: +Vsuppry (+Vs) Tested with +15V and OV, +5V. Vin Slew Rate 
Maintained with Less Than 10V/us Input for Voltage Follower Configuration. 


SLEW RATE WAVEFORMS, Ay = 1V/V 


+Vsuppty= + 15V 
+ 3.0V + 3.0V + 3.0V 
INPUT 
- 3.0V - 3.0V - 3.0V 
+ SR - SR 
; 
+Voyppry= 5Y -Vsuppiy= °Y 
+ 3.0V + 3.0V + 3.0V-——__—_— + 3.0V 
INPUT 
OV OV OV OV 
+SRo -SRo5 
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HA-5152/883 


Burn-In Circuits 


HA7-5152/883 CERAMIC DIP 


HA2-5152/883 TO-99 METAL CAN 
O V+ 


NOTES: 

Ry = Ro = 2k, +5%, 1/4W (Min) 
C1 = Co = 0.01 pF/Socket (Min) or 0.11F/Row, (Min) 
Dy = Dp = IN4002 or Equivalent/Board 

| (V+) - (V-)|= 30v 
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HA-5152/883 


Schematic Diagram (1/2 Of HA-5152/883) 


fara 


UO OUTPUT 


OP AMPs & 
COMPARATORS 


ALL RESISTORS = (2) 
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HA-5152/883 


Die Characteristics 


DIE DIMENSIONS: 
53.9 x 103.1 x 19 mils 
(1370 x 2620 x 483 um) 


METALLIZATION: 
Type: Aluminum 
Thickness: 16kA + 2KA 


WORST CASE CURRENT DENSITY: 
0.6 x 10°A/cm2 @ 2.5mA 


SUBSTRATE POTENTIAL (Powered Up): \V- 


Metallization Mask Layout 


OUT 1 


-IN 1 


+IN1 


=¥ 


GLASSIVATION: 
Type: Nitride 
Thickness: 7kA + 0.7kA 
TRANSISTOR COUNT: 72 
PROCESS: HFSB Bipolar/JFET Dielectric Isolation 
DIE ATTACH: 
Material: Gold/Silicon Eutectic Alloy 
Temperature: Ceramic DIP — 460°C (Max) 
Ceramic LCC — 420°C (Max) 
Metal Can — 420°0C (Max) 


HA-5152/883 


NOTE: Pad Numbers Refer to 8 Pin Ceramic Mini-DIP or Metal Can Package Pinouts Only. 
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HA-5152/883 


Packaging * 


8 PIN CERAMIC DIP 


oO 
Ts 
023 
(050 * « INCREASE MAX LIMIT BY .003 INCHES 
a MEASURED AT CENTER OF FLAT FOR 
065 SOLDER FINISH 
20 PAD CERAMIC LCC 
.003 075 
015 
006 
{ 022 ‘ 
| 022 | os 1342 
028 f 015 MIN ane 
045 .050 
055 |} PJ” BSC 
| 342 
358 063 
f | 077 
.073 } | 
.089 
8 PIN TO-99 METAL CAN 
165 505 
kis 560 
040 010 016 


045 019 027 


335 321 
370 .325 


Rhee 


*Dimension Maximum Limits Are Increased by 0.003 inches for Solder Dip Finish 


210 


= : Min . ; Se 
NOTE: All Dimensions are , Dimensions are in inches. 
x 
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LEAD MATERIAL: Type B 
LEAD FINISH: Type A 
PACKAGE MATERIAL: Ceramic, 90% Alumina 
PACKAGE SEAL: 

Material: Glass Frit 

Temperature: 4509C + 109°C 

Method: Furnace Seal 
INTERNAL LEAD WIRE: 

Material: Aluminum 

Diameter: .1.25 Mil 

Bonding Method: Ultrasonic 
COMPLIANT OUTLINE: 38510 D-4 


PAD MATERIAL: Type C 
PAD FINISH: Type A 
FINISH DIMENSION: Type A 
PACKAGE MATERIAL: Ceramic, 90% AloO3 
PACKAGE SEAL: 
Material: Gold/Tin (80/20) 
Temperature: 320°C + 10°C 
Method: Furnace Braze 
INTERNAL LEAD WIRE: 
Material: Aluminum 
Diameter: 1.25 Mil 
Bonding Method: Ultrasonic 
COMPLIANT OUTLINE: 38510 C-2 


OP AMPs & 
COMPARATORS 


LEAD MATERIAL: Type A 
LEAD FINISH: Type C 
PACKAGE MATERIAL: Kovar Header with 
Nickel Can 
PACKAGE SEAL: 
Material: No Seal Maiterial 
Temperature: Room Temperature 
Method: Resistance Weld 
INTERNAL LEAD WIRE: 
Material: Aluminum 
Diameter: 1.25 Mil 
Bonding Method: Ultrasonic Bonded 
COMPLIANT OUTLINE: 38510 A-1 


+ Mil-M-38510 Compliant Materials, Finishes, and Dimensions 


cr) 


@) HARRIS HA-5152 


DESIGN INFORMATION Dual, Low Power 
Operational Amplifier 


The information contained in this section has been developed through characterization by Harris Semiconductor and is for 
use as application and design aid only. These characteristics are not 100% tested and no product guarantee is implied. 


Typical Performance Curves Uniess Otherwise Specified: Ta = +25°C, VoyppLy = +15V 


SLEW RATE vs. TEMPERATURE 
Normalized to Unity at +25°C, 6 Representative Units NOISE SPECTRAL DENSITY 


NORMALIZED TO UNITY AT +250C,6 REPRESENTATIVE UNITS —_— 

07 == Wi Mawwtitit02IuRRNaJ,_ wee ww wae 
ag ye ie SS es ee EO ee Se eae -—+ 
pete EE 
N a. 

1.03 =~ - — > ~; 
oi. Seee.\e0080005— 58 pe ee ae 

= = ===: ——— = =:22 ==: = S222 ae: = 
= 1.01 SRR = —_— == eb - 
w 1.00 = et <= Ett INPUT NOISE CURRENT —+—F 
z 0.99 ae S —or a S92 Sk a el = eee 3] | EE es | ea Es 
= oo +tti | [att Nee TT SCO SoS 
oe BS a RE ee in + = 
© 997 ; _— ws a 
woes tl | ae | tT 2 BAe 2 
K 0.96 roe at oe S 10 : | tT +t ttt gy OD 
Pree e”. 6 « See Se ee. ea ~ =“ HH EH INPUT NOISE VOLTAGE Fee 2 = 
2 0.94 a orl SERS en See > RA a oe ae ae ewere > 
= 993 A Ss = 4 Es S 


80 = 100 120 
TEMPERATURE (®C) "PARUUENEY és 


PEAK-TO-PEAK NOISE 0.1Hz TO 10Hz PEAK-TO-PEAK 0.1Hz TO 1MHz 
Ta = +25°C, Ay = 1000V/v Ta = +25°C, Ay = 1000V/V 


Vertical Scale: (Volts: 100us/Div.) Vertical Scale: (Volts: 1mV/Div.) 


Horizontal Scale: (Time: 1sec/Div.) Horizontal Scale: (Time: 1sec/Div.) 
FREQUENCY RESPONSE vs. SUPPLY VOLTAGE FREQUENCY RESPONSE AT VARIOUS GAINS 
Ta = +25°9C, Ry = 10K, CL = 100pF Ta = +25°C, Voc = +15V, Ru = 10K, CL = 100pF 


z mist UT TTT : 
= 
< 60 + Fe mae! tH = 60 
= gL camwira 1 TS CTC 2 : z 
o 40 vv) = 
S ae COPS TTT 5 : 
= o oO 
o 20 ~~ us © 20 ce 
gee 88) HllDm,. SLA = e 
nm, 0 aad a 0 s 
= =a — ° Hs re 
| PAS HG Se g a 5 
a SM. CCETMTEN Z ani ST a iN FI 
sate ret Hime Sle rinse yoo) 7] TAN II 
“Till CUT TTT UT BUT ol 1, Ne MOLY] LE 
-180 
COUT TTI CUI CONS A! OT | 
100 


10 100 10K «100K 10M 100 1K 10K 
ee FREQUENCY (Hz) 
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DESIGN INFORMATION (continued) 


The information contained in this section has been developed through characterization by Harris Semiconductor and is for 
use as application and design aid only. These characteristics are not 100% tested and no product guarantee is implied. 


HA-5152 


Typical Performance Curves Unless Otherwise Specified: Ta = +25°C, VguppLy = +15V 


OUTPUT VOLTAGE SWING vs. SUPPLY VOLTAGE 


REJECTION RATIOS (dB) 


(+25°C) 
Ae RS Fe a os a 


22S = 


bad 
| 
id 
— 
Loa 
| 
aus 
i 
| 


OUTPUT VOLTAGE SWING (Vv) 

LN ON MO 
acoee a Nee see 
ile ee 
Benee 2 e:\2aes 
Le kal 14 


20S ae 
Sb ewe 
ae a a 
eae i | 
ie a 
Re BE a 
pe old 
beget 
Perey 
ee 
Sik aes. 
ee oat 
SiS BS 


' 
po ge a nee 
FPnrnoesx @ 


é CHEE 
me ea A 
; 7 


SUPPLY VOLTAGE (+/-V) 


CMRR AND PSRR vs. SUPPLY VOLTAGE 
(+25°C) 


nae aN 
suisiiesh, 
meee areas 

FORE SRO NEE 


SUPPLY strats re a 


CHANNEL SEPARATION vs. FREQUENCY 
Voc = +15V, Ta = +25°C 
if +15V, rp TTT 


-40 


10 100 
FREQUENCY ing 


CHANNEL SEPARATION (dB) 
: Ss 
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OUTPUT CURRENT (mA) 


SUPPLY CURRENT (uy A/AMPLIFIER) 


CMRR(dB) 


OUTPUT CURRENT vs. SUPPLY VOLTAGE 
(+25°C) 


a 
ae 


1 3 5 7 9 11 13 15 
SUPPLY VOLTAGE (+/-V) 


SUPPLY CURRENT vs. SUPPLY VOLTAGE 
Per Amplifier (+25°C) 


250 


240 
230 
220 


210 


ee 
oak 


S 
a 
E PEE 


silee. VOLTAGE (+/-V) 


190 


oa 


Ea 


180 


CMRR vs. FREQUENCY 
Ta = +25°C, Voc = £15V 
Ta = +25°C, Voc = +15V 


“tH 

-60 ; 

oe 

a ST = 

am AL Th 
Sette 

vee EO 

au eae lel 

-120 

se ae 


FREQUENCY (Hz) 


se] 
rt) 
a 
= 
< 
ou 
oO 


COMPARATORS 


DESIGN INFORMATION (continued) 


HA-5152 


The information contained in this section has been developed through characterization by Harris Semiconductor and is for 
use as application and design aid only. These characteristics are not 100% tested and no product guarantee is implied. 


Typical Performance Curves. Uuniess Otherwise Specified: Ta = +25°C, VsyppLy = £15V 


Vertical Scale: (Volts: input = 5V/Div.; Output = 2V/Div.) 


INPUT 


OUTPUT 


Vertical Scale: (Volts: Input = 1V/Div.; Output = 1V/Div.) 
Horizontal Scale: (Time: 5ys/Div.) 


INPUT 


OUTPUT 


MEASURED LARGE SIGNAL RESPONSE 


Horizontal Scale: (Time: 5ys/Div.) 


MEASURED LARGE SIGNAL RESPONSE 


+VSUPPLY = +5V, -VsUPPLy = OV 


MEASURED SMALL SIGNAL RESPONSE 
Vertical Scale: (Volts: Input = 100mV/Div.; Output = 50mV/Div.) 
Horizontal Scale: (Time: 5ys/Div.) 


100ev 


INPUT 


OUTPUT 


+VSUPPLY = +15V, -VsUPPLy = -15V 


MEASURED SMALL SIGNAL RESPONSE 
Vertical Scale: (Volts: Input = 100mV/Div.; Output = 50mV/Div.) 
Horizontal Scale: (Time: 5ys/Div.) 


100e¥ 


INPUT 


OUTPUT 


+VSUPPLY = +5V, -VsUPPLY = OV 
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DESIGN INFORMATION (continue) 


The intormation contained in this section has been developed through characterization by Harris Semiconductor and is for 
use as application and design aid only. These characteristics are not 100% tested and no product guarantee is implied. 


Typical Applications Unless Otherwise Specified: Ta = +25°C, VguppLy = +15V 


Independent Amplifier 


The HA-5152 dual op amp consist of completely separate 
amplifier circuits. Unlike most duals, this device does not 
share a common bias network. Thus, one amplifier passing 
large, or noisy signals will have minimal effect on another 
channel carrying small, sensitive signals. 


Loading 


Although the standard load is 10k, the HA-5152 is 
capable of driving resistive loads down to 2k and 
capacitive loads beyond 300pF. 


input Stage 


This amplifier uses a current amplifying input stage (see 
Application Note 544) and is not recommended for use in 
applications which involve large differential input voltages 
such as open-loop comparators. Most op amp applications 


use feedback and keep the input terminals at approximately 
the same voltage. The HA-5152 will perform well in these 
circuits as long as the input terminals see less than 7 volts 
differential. 


Typical Applications 


The low power consumption of the HA-5152 makes it ideal 
for applications like battery-powered instrumentation 
where the bridge amplifier circuit below would be used. 


Choose a low-current zener voltage reference such as 
LM285Z-2.5 and select Rr accordingly. This circuit was 
evaluated using the resistor values shown and a laboratory 
voltage source for the 2.5V reference. With unmatched, 
off-the-shelf, 1% resistors, a gain accuracy of 1% to 2% can 
be expected. Temperature testing indicated a voltage offset 
tempco of less then 100uV/oC referred to output. 


Vout = (Vp - Vn) [2 (1 + 8] +VR 
RG 
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HA-5152 


DESIGN INFORMATION (continuea) 


The information contained in this section has been developed through characterization by Harris Semiconductor and is for 
use as application and design aid only. These characteristics are not 100% tested and no product guarantee is implied. 


TYPICAL PERFORMANCE CHARACTERISTICS 
Device Characterized at: Supply Voltage = OV, 5 to +15V, Ri_ = 10k, Cy = 100pF, Unless Otherwise Specified. 


PARAMETERS CONDITIONS 


Offset Voltage Vom = OV wee eal 
Offset Voltage Drift Versus Temperature Full ie ovige nea] 


Bias Current Vom = OV +25°9C, +125°9C Table 1 


Offset Current Vom = OV Full Poe 


a 
@ 
= 
S 

a 
N 


Input Noise Current 


fo = 10Hz +250C 


fo = 1kHz +250C 
RL = 10kA +259C, +1250C 
-55°C 


: 256 
L 


. Large Signal Voltage Gain Table 1 


Table 1 V, 


N 
a 


CMRR Table 1 


Table 1 


-3dB 


9° 
N 


Unity Gain Bandwidth 


+ Slew Rate Vg = 0V,8V 
Vs = OV, 5V to +15V +259C, +125°9C 


V/us 


V/us 


- Slew Rate Vs = OV, 5V Full 


Vg = +15V Full 


V/us 
V/us 


a ee oe = 
a 
+125°9C 


Rise Time Vs = +15V, Vo = 200mV Full 


Fall Time Vg = +15V, Vo = -200mV -559C, +25°C 


Overshoot Vg = +15V, Vo = +200mV Full 
Supply Current (All Four Amplifiers) Vs = OV, 5V 


Table 1 
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HA-5154/883 


Quad, Low Power 


January 1989 Operational Amplifier 


Features 


e This Circuit is Processed in Accordance to Mil-Std- 
883 and is Fully Conformant Under the Provisions of 


Paragraph 1.2.1. 
e Low Supply Current (All 4 Amplifiers) 1mA (Max) 


Single 3V to 30V 
or Dual +1.5 to +15V 


+S.R. 4V/us (Min) 
6V/ys (Typ) 


e Wide Supply Voltage Range 


e High Slew Rate 


e Low Vos Drift (Over Full Temp) 3uV/°C (Typ) performance with DC precision not usually found in general 
purpose amplifiers. The DC performance is centered 

e Low Noise (1kHz) 15nV/\/Hz(TyP) around low input offset voltage (8mV), low offset voltage 

e 100% Tested at +15V and +5V Power Supplies drift (8uV/°C), and low input bias current (250nA). This is 

ae eit combined with a very low input noise voltage of 15nV/\/Hz v 
at 1KHz. . 9° 
The AC performance of the HA-5154/883 surpasses that of S < 
typical low power amplifiers with 4V/ys slew rate and a full - < 

Applications power bandwidth of 64kHz. This makes — the oz 
HA-5154/883 an excellent choice for virtually all audio 0 


e Portable Instruments 

e Meter Amplifiers 

e Telephone Headsets 

e Microphone Amplifiers 

e Remote Sensor/Transmitter 

e Battery Powered Equipment 

e For Further Design Ideas See App. Note 544 


Pinouts 


HA1-5154/883 (CERAMIC DIP) 
TOP VIEW 


Description 


The HA-5154/883 quad operational amplifier completes 
the family of dielectrically isolated bipolar amplifiers de- 
signed to provide excelllent AC performance while drawing 
less than 250yA of supply current per amplifier at +250C. 
This series consists of single (5151), dual (5152) or quad 
(5154), unity gain stable amplifiers which are especially well 
suited for portable and lightweight equipment where 
available power is limited. 


The HA-5154/883 combines superior low power AC 


processing applications as well as remote sensor/ 
transmitter designs requiring both low power and high 
speed. The suitability of the HA-5154/883 for remote and 
low power operation is further enhanced by the wide range 
of supply voltages (+1.5V to +15V) as well as single supply 
operation (3V to 30V). 


The HA-5154/883 is available in 14 pin Ceramic DIP or 20 
pad Ceramic LCC, and is interchangeable with most other 
operational amplifiers in their class. 


HA4-5154/883 (CERAMIC LCC) 
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Specifications HA-5154/883 


Absolute Maximum Ratings 


Voltage Between V+ and V- Terminals..............0cceeeee 35V 
CORES ROUIHON WIPIIRE WOHGOS fs PES oc cn ae ces wa ee tce cee vikvuess, 7V 
Voltage at Either Input Terminal ....................005. V+ to V- 
Euipet COrent 6S. ies GS. Font ee ce Full Short Circuit Protection 
OUPErCOMSn EWIaUNE. =... coon ee Indefinite, 

One Amplifier Shorted to Ground 
sunction lemperature (7 )).. .. ccc dees. cv ug es saeeneee +175°C 
Storage Temperature Range ................. -65°C to +150°C 
ESD Raungniss isha. is cals Uae sinccecdces dacs <2000V 
Lead Temperature (Soldering 10 sec)......... 0.2 cee eeee +275°9C 


CAUTION: Absolute maximum ratings are limiting values, applied 
individually beyond which the serviceability of the circuit may be impaired. 
Functional operability under any of these conditions is not necessarily 
implied. 


Thermal Information 


Thermal Resistance Gia Bic 
Ceramic DIP Package................- 75°C/W 179°C /W 
Ceramic LCC Package ................ 76°C/W = 199°C/W 

Package Power Dissipation Limit at +75°C For Ty < +175°9C 
COMNNC TI PaCesOe.. «. osc otteec fies ee een 1.33mW 
Geremie UGC Package «bias s.nccccssstascksaconguuns 1.32W 

Package Power Dissipation Derating Factor Above +75°C 
Ceramic DIP Package... .......ccccscsccscccscecs 13.3mW/°C 
Ceramic LOG: Package a 55 dey on-ivcdsres op an niots os 13.2mW/°C 


Recommended Operating Conditions 


Operating Temperature Range ............... -559C to +1259C 
Operating Supply Voltage ................. cee eee +1.5V to +15V 
or 3V to 30V 


Ry > 10k2 


TABLE 1. D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 


Device Tested at: RSQURCE = 1002, RLOAD = 500kN, VoytT = OV, Unless Otherwise Specified. 


Subscript 1 Refers to Supply Voltages (+Vs) = +15V, Subscript 2 Refers to +Vs = 5.0V, -Vs = 0.0V. 


D.C. PARAMETERS SYMBOL CONDITIONS SUBGROUP | TEMPERATURE 


Input Offset Voltage ViO1 Vom = OV 


Input Bias Current Vom =0V 
+Rs = 10k 


-Rg = 1002 


+Rgs = 10kN 
-Rsg = 10002 


+Rs = 1000 
-Rs = 10kN 


Input Offset Current Vom =0V 
+Rs = 10kN 


-Rs = 10kN 


+Rsg = 10kN 
-Rs = 10kN 


Common Mode Range 


V+ = 5V to 2V 
V-=O0Vto-3V 
VOUT = 1.4V to -1.6V 


Vom = OV, VouT = 1.4V 


Vom = OV, Vout = 1.4V 


Vom = O*V, VouT = 1.4V 


GROUP A 


+25°9C 
+1259C, -55°9C 

+25°C 
+125°C, -55°9C 

+25°C 


+1259C, -55°9C 
+25°9C 

+1259C, -559C 
+25°9C 


Lig 
@ 


+1259C, -55°C 
+259C 


2,3 +125°9C, -55°C 


+25°9C 


+1259C, -55°C 
+25°9C 


2,3 +1259C, -55°9C 


+25°C 


pa 
B 


Lg 
@ 


+1259C, -55°C 10 


+259C 


Ff 


2,3 +1259C, -55°C 


+25°9C 


2,3 +1259C, -55°C 


CAUTION: This device is sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
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Specifications HA-5154/883 


TABLE 1. D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


Device Tested at: RSQURCE = 1002, RLOAD = 500k, Vout = OV, Unless Otherwise Specified. 
Subscript 1 Refers to Supply Voltages (tVs) = +15V; Subscript 2 Refers to +Vs = 5.0V, -Vs = 0.0V. 


LIMITS 
GROUP A 
SUBGROUP | TEMPERATURE 


kV/V 
+1259C, -55°C V, 


D.C. PARAMETERS SYMBOL CONDITIONS 


VouT = OV and 10V 
Riu = 10k 


Large Signal 
Voltae Gain 


+AVOL1 


EB 


-AyoL1 | Vout = OV and -10V kV, 


aL as +125°C, -55°C kV/V 

+Ayot2 | Vout = 1.4V and 2.5V kV/V 
Ri, = 10k 

L=10 +1250C, -55°C kV/V 


: 


+125°9C, -55°C 


: 


+1259C, -55°C 


+CMRR1 | AVcw = 10V 
+V = 5V 
-V = -25V 


Vout = -10V 


Common Mode 
Rejection Ratio 


-CMRR, 


+CMRR»o | AVcy = OV to 3V 


+V = 2V 
-V=-3V +125°C, -55°C 
VouT = ~3V 


-Vout1 | RL = 10k2 1 
: 
3 
ce 
Ce [oo 
Tr 
pS eis 
Bese 
pa 
eee 


Output Voltage Swing +VouTi1 | RE = 10kn 


oO 


Ri = 10ka 


+VOUT2 
Terminated at 2.5V 


Rp = 10kN 
Terminated at 2.5V 


-VouT2 


Quiescent Power Supply 
Current (All Four Amplifiers) 


+loc1 


-Icc1 


3 
> 


me 


3:1 3 


a 
> 


+Icc2 


3 
> 


AVsup = 10V 
+V = 10V,-V = -15V 
+V = 20V,-V =-15V 


AVsup = 10V 
+V = 15V, -V =-10V 
+V = 15V, -V =-20V 


Power Supply +PSRRjq 


Rejection Ratio 


-PSRR4 


+PSRRo 


AVsup = 10V 
+V = 5V,-V =O0V 
+V = 15V, -V=0V 


2,3 +125°9C, -55°C 


2:3 +1259C, -55°9C 


Channel Separation +CS Ri = 10k 
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TABLE 2. A.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 


Device Tested at: RSQURCE = 502, RLOAD = 10kN, CLOAD = 100PF, Vout = OV, Unless Otherwise Specified. 
Subscript 1 Refers to Supply Voltages (Vs) = +15V; Subscript 2 Refers to +Vg = 5.0V, -Vs = 0.0V. 


LIMITS 
PARAMETERS SYMBOL CONDITIONS TEMPERATURE MIN 


Slew Rate +SRj4 VOUT = -3V to 3V 
VIN S.R. < 25V/us 
VOUT = 8V to -3V 
Vin S.R. < 25V/us 
+SRo VouT = OV to 3V 
VIN S.R. < 25V/us 
VouT = 3V to OV 
VIN S.R. < 25V/us 


GROUP A 
SUBGROUP 


UNITS 


m 
nN 
oO 

fe) 
1@) 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


Device Tested at: RSQURCE = 502, RLOAD = 10kN, CLOAp = 100pF, Ay = 1V/V, Unless Otherwise Specified. 
Subscript 1 Refers to Supply Voltages (+Vs) = +15V; Subscript 2 Refers to +Vs = 5.0V, -Vs = 0.0V. 


LIMITS 
PARAMETERS SYMBOL CONDITIONS NOTES | TEMPERATURE | MIN. | MAX | UNITS 


Gain Bandwidth Product GBWP Vo = 200MV, fo = 10kHz eae es a a MHz 
Full Power Bandwidth FPBW 4 VPEAK = 10V 


FPBWo VPEAK = 1.1V 5 Fe 
VRef = 2.5V 
Minimum Closed Loop CLSG Rt = 10k, Cy = 100pF -559C to +125°C 
Stable Gain 
Fa 


Quiecent 
Power Consumption 


Vout = 1.4V, lout =OmA 


NOTES: 1. Parameters listed in Table 3 are controlled via design or process parameters and are not directly tested at final production. These parameters are 
lab characterized upon initial design release, or upon design changes. These parameters are guaranteed by characterization based upon data 
from multiple production runs which reflect lot to lot and within lot variation. 


2. Full Power Bandwidth guarantee based on Slew Rate measurement using FPBW = Slew Rate/(2nVpe ax). 


3. Quiescent Power Consumption based upon Quiescent Supply Current test maximum. (No load on outputs.) 


TABLE 4. ELECTRICAL TEST REQUIREMENTS 


* PDA applies to Subgroup 1 only. 


3-436 


HA-5154/883 


Test Circuit (Applies to Tables 1 and 2) 


at OVI 


FOR LOOP STABILITY, 
USE MIN VALUE CAPACITOR 
TO PREVENT OSCILLATION 


OPEN 20 4 7 S5 S7 OPEN S8 y 
S2- 02 OPEN1 92 [3 ae V V 
10K © v2 
10K 2K 
100| $100 ‘Ae 0.1 {1 
gi > EQut 


ALL RESISTORS = + 1% (QQ) 


ONE OF FOUR TEST LOOPS FOR THE HA - 5154/ 883 ALL CAPACITORS = + 10% (uF) 


For Detailed Information, Refer to HA-5154/883 Test Tech Brief 


OP AMPs & 
COMPARATORS 


Test Waveforms 


SIMPLIFIED TEST CIRCUIT (Applies to Table 2) 
+ Vs 0 


NOTE: +Vsyuppiy (+Vs) Tested with +15V and OV, +5V. Vin Slew Rate 
Maintained with Less Than 10V/js Input for Voltage Follower Configuration. 


SLEW RATE WAVEFORMS, Ay = 1V/V 


+Vsuppty= + 15V 


+ 3.0V + 3.0V- —_—_—— + 3.0V 


+30V —— 
INPUT 

- 3.0V - 3.0V - 3.0V - 3.0V 

+SR -SR 
1 1 
+ Vsuppiy= 5V. -Vsuppty= OV 

a +30V +30v————— + 3.0V 

INPUT 
ov ov ov 
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Burn-In Circuits 


HA1-5154/883 CERAMIC DIP 


HA4-5154/883 CERAMIC LCC 


NOTES: 

Ry = Ro = Rg = Rg = 1MQ, +5%, 1/4W (Min) 

C1 = Co = 0.01)F/Socket (Min) or 0.11F/Row, (Min) 
Dy = Dg = IN4002 or Equivalent/Board 

| (V+) - (V-) |= 30v 
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Schematic Diagram (1/4 Of HA-5154/883) 


“hae one 
+ oa et 


R1 R2 
QP1 QP2 O 


+IN 
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ALL RESISTORS = (2) 
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Die Characteristics 


DIE DIMENSIONS: GLASSIVATION: 
95.7 x 101.6 x 19 mils Type: Nitride 
(2430 x 2580 x 483 um) Thickness: 7kA + 0.7kA 
METALLIZATION: TRANSISTOR COUNT: 144 
Mele} sons Ha a PROCESS: HFSB Bipolar/JFET Dielectric Isolation 
binant ms ies DIE ATTACH: 
WORST oe oyna. DENSITY: Material: Gold/Silicon Eutectic Alloy 
0.45 x 10°A/cm~ @ 2.5mA Temperature: Ceramic DIP — 460°C (Max) 
SUBSTRATE POTENTIAL (Powered Up): V- Ceramic LCC — 420°C (Max) 


Metallization Mask Layout 


HA-5154/883 
-IN 1 OUT 1 OUT 4 -IN 4 


+IN 1 +IN 4 
+V Fd 
+IN 2 +IN 3 

5 
wa 
= 
& 
x= 
-IN 2 -IN 3 


OUT 2 OUT 3 


NOTE: Pad Numbers Refer to 14 Pin Ceramic DIP Package Pinout Only. 
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Packaging‘ 
14 PIN CERAMIC DIP 
Tao 


785 140 
.005 MIN 170 


.200 MAX 
Yi 


Eki 150 MIN 
.060 ; 
125 080 MAX = 
180 S 100 
a BSC 
023 
.050 * 
065 * INCREASE MAX LIMIT BY .003 INCHES 
MEASURED AT CENTER OF FLAT FOR 
SOLDER FINISH 
LEAD MATERIAL: Type B INTERNAL LEAD WIRE: 
LEAD FINISH: Type A Material: Aluminum 
PACKAGE MATERIAL: Ceramic, 90% Alumina Diameter: 1.25 Mil 
PACKAGE SEAL: Bonding Method: Ultrasonic 
Material: Glass Frit COMPLIANT OUTLINE: 38510 D-1 on 
Temperature: 450°C + 10°C -- 
Method: Furnace Seal S < 
q<<_ 
a5 
[5 
O 


20 PAD CERAMIC LCC 


342 
358 
063 
.077 
PAD MATERIAL: Type C INTERNAL LEAD WIRE: 
PAD FINISH: Type A Material: Aluminum 
FINISH DIMENSION: Type A Diameter: 1.25 Mil 
PACKAGE MATERIAL: Multilayer Ceramic, 90% Alumina Bonding Method: Ultrasonic 
PACKAGE SEAL: COMPLIANT OUTLINE: 38510 C-2 
Material: Gold/Tin (80/20) 
Temperature: 320°C + 10°C 
Method: Furnace Braze 
NOTE: All Dimensions are Baal , Dimensions are in inches. t Mil-M-38510 Compliant Materials, Finishes, and Dimensions. 
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@ HARRIS HA-5154 


DESIGN INFORMATION Quad, Low Power 
Operational Amplifier 


The information contained in this section has been developed through characterization by Harris Semiconductor and is for 
use as application and design aid only. These characteristics are not 100% tested and no product guarantee is implied. 


Typical Performance Curves unless Otherwise Specified: Ta = +25°C, Vsuppiy = +15V 


SLEW RATE vs. TEMPERATURE 
Normalized to Unity at +25°C, 6 Representative Units NOISE SPECTRAL DENSITY 
NORMALIZED TO UNITY AT +259C,6 REPRESENTATIVE UNITS 
aes Fa eee HoH 4 


AGL 
Hy 1 
HA 


PUT NOISE VOLTAGE SOSH SSeeii . 


INPUT NOISE VOLTAGE nV/\V/Hz 
INPUT NOISE CURRENT pA/\/Hz 


SLEW RATE (CHANGE FROM +25°C) 


0 
TEMPERATURE (°C) yee al 


PEAK-TO-PEAK NOISE 0.1Hz TO 10Hz PEAK-TO-PEAK 0.1Hz TO 1MHz 
Ta = +25°C, Ay = 1000V/V Ta = +25°C, Ay = 1000V/V 


= * > 
Sn ence oe 
3 3 § 


Vertical Scale: (Volts: 100us/Div.) Vertical Scale: (Volts: 1mV/Div.) 
Horizontal Scale: (Time: 1sec/Div.) Horizontal Scale: (Time: 1sec/Div.) 
430NVp-p RTI 3.70uVp-p RTI 


FREQUENCY RESPONSE vs. SUPPLY VOLTAGE FREQUENCY RESPONSE AT VARIOUS GAINS 

Ta = +259C, Ry = 10K, CL = 100pF Ta = +25°C, Voc = +15V, RL = 10K, Cy = 100pF 
ae TIC 
ae UT sca somet Ut 
vine: SlMall PEP Gallia Bill 
Http TU botv ems ERB 
Him. SGill ae HiRCCIDaaoS ee 

be | } i ug 


VOLTAGE GAIN (dB) 
VOLTAGE GAIN (dB) 


PHASE SHIFT (DEGREES) 


mice wi ian Bulle. SSH 
oe eae aN ui 
10M 


FREQUENCY (Hz) 


10K 100K 
FREQUENCY (Hz) 
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DESIGN INFORMATION (continueq) 


The information contained in this section has been developed through characterization by Harris Semiconductor and is for 
use as application and design aid only. These characteristics are not 100% tested and no product guarantee is implied. 


Typical Performance Curves Unless Otherwise Specified: Ta = +25°C, VguppLy = +15V 


OUTPUT VOLTAGE SWING vs. SUPPLY VOLTAGE OUTPUT CURRENT vs. SUPPLY VOLTAGE 
(+25°C) (+25°C) 


9 
BEER spells Lele feal a ilecka Pe 
See ce 


OUTPUT VOLTAGE SWING (Vv) 
he ot ey 
et ok Te 
a saBOR Pals 

e ECPECLECEEEN 
PALS | Pee 
offi tt 

OUTPUT CURRENT (mA) 


es 
= 
3 
a 
be 4 
Be 
ed 
ae 
Be 
Bees 
ed 


Beale seas se 


a ad. | 
Bead ab] 
ss <a 
es ee 
ae aa | 
aS | 
EA Rags] 
Ras eae 
ee =m 
ed os 
io ke 
el | 


BRSEe SAGeae 


3 15 1 3 5 7 9 11 13 15 


SUPPLY ak Yan (+/-V) SUPPLY VOLTAGE (+/-V) 

fe 
ae 

i) 

QO. 
Si 
CMRR AND PSRR vs. SUPPLY VOLTAGE SUPPLY CURRENT vs. SUPPLY VOLTAGE = ry 
(+25°C) Per Amplifier (+25°C) re) = 
120 250 O 


115 240 


230 


HE 
ee ee eee 
EEE 


220 


BER ea =N@ 

CEECEPEEELE Ns ~e 
SR egeee Ase sees 
eee eed elt 


210 
CMRR 


REJECTION RATIOS (dB) 


200 


SUPPLY CURRENT /yA/AMPLIFIER) 


90 
Ss eee lla é FRECERCEEEEL 
Scheie See eee MEZe ae kane 
: SUPPLY VOLTAGE (+/-V) : . ; SUPPLY VOLTAGE (+/-V) E 
CHANNEL SEPARATION vs. FREQUENCY CMRR vs. FREQUENCY 
Voc = +15V, Ta = +259C Ta = +259C, Voc = +15V 


= +250C, Vcc = +15V if +15V, rT TTT 


LAT T 
pee a A er a Sarr 
CCT 


10 10 100 
recut (Hz) FREQUENCY ne 


-40 


Pe. 


CMRA(dB) 
ao 
=] 
CHANNEL SEPARATION (dB) 
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DESIGN INFORMATION (continuea) 


The information contained in this section has been developed through characterization by Harris Semiconductor and is for 
use as application and design aid only. These characteristics are not 100% tested and no product guarantee is implied. 


Typical Performance Curves unless Otherwise Specified: Ta = +25°C, VsuppLy = £15V 


MEASURED LARGE SIGNAL RESPONSE 
Vertical Scale: (Volts: Input = 5V/Div.; Output = 2V/Div.) 
Horizontal Scale: (Time: 5ys/Div.) 


Sy ee 


INPUT 


OUTPUT 


— ok 


Sareea 


+VSUPPLY = +15V, -VSUPPLY = -15 


MEASURED LARGE SIGNAL RESPONSE 
Vertical Scale: (Volts: Input = 1V/Div.; Output = 1V/Div.) 
Horizontal Scale: (Time: 5ys/Div.) 


INPUT 


OUTPUT fe 


MEASURED SMALL SIGNAL RESPONSE 
Vertical Scale: (Volts: Input = 100mV/Div.; Output = 50mV/Div.) 
Horizontal Scale: (Time: 5ys/Div.) 


INPUT 


OUTPUT 


+VSUPPLY = +15V, -VSUPPLY = -15V 


MEASURED SMALL SIGNAL RESPONSE 
Vertical Scale: (Volts: Input = 100mV/Div.; Output = 50mV/Div.) 
Horizontal Scale: (Time: 5ys/Div.) 


INPUT 


OUTPUT 
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DESIGN INFORMATION (continueg) 


The information contained in this section has been developed through characterization by Harris Semiconductor and is for 
use as application and design aid only. These characteristics are not 100% tested and no product guarantee is implied. 


Typical Applications unless Otherwise Specified: Ta = +25°C, Vsuppiy = +15V 


Independent Amplifier 


The HA-5154 quad op amp consist of completely separate 
amplifier circuits. Unlike most quads, this device does not 
share a common bias network. Thus, one amplifier passing 
large, or noisy signals will have minimal effect on another 
channel carrying small, sensitive signals. 


Loading 


Although the standard load is 10k, the HA-5154 is 
capable of driving resistive loads down to 2k and 
capacitive loads beyond 300pF. 


Input Stage 


This amplifier uses a current amplifying input stage (see 
Application Note 544) and is not recommended for use in 
applications which involve large differential input voltages 
such as open-loop comparators. Most op amp applications 


use feedback and keep the input terminals at approximately 
the same voltage. The HA-5154 will perform well in these 
circuits as long as the input terminals see less than 7 volts 
differential. 


Typical Applications 


The low power consumption of the HA-5154 makes it ideal 
for applications like battery-powered instrumentation 
where the bridge amplifier circuit below would be used. 


Choose a low-current zener voltage reference such as 
LM285Z-2.5 and select RR accordingly. This circuit was 
evaluated using the resistor values shown and a laboratory 
voltage source for the 2.5V reference. With unmatched, 
off-the-shelf, 1% resistors, a gain accuracy of 1% to 2% can 
be expected. Temperature testing indicated a voltage offset 
tempco of less then 100uV/oC referred to output. 


Vout = Vp - Vn) [2 (1 +8.) +R 


2.5V i 


RG 


Rg = 1k 
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DESIGN INFORMATION (continuea) 


The information contained in this section has been developed through characterization by Harris Semiconductor and is for 
use as application and design aid only. These characteristics are not 100% tested and no product guarantee is implied. 


TYPICAL PERFORMANCE CHARACTERISTICS 
Device Characterized at: Suppiy Voltage = OV, 5 to +15V, Ry = 10kN, Cy = 100pF, Unless Otherwise Specified. 


DESIGN 
PARAMETERS CONDITIONS TEMP TYPICAL LIMIT UNITS 


Offset Voltage Drift Versus Temperature yV/OC 


Bias Current Vom =0V 
-55°C eee Table 1 nA 


Offset Current Vom = OV Full Fae Table 1 
Differential Input Resistance 


Input Noise Voltage 


I 


a 
Ss 
a 
N 


ae 
we 
122} 
[e) 
Q 


a 
nN 
oi] 
[e) 
@) 
3 
Ss 
a 
N 


= 
fe 
s 
Ss 
al 
N 


+25°9C 14.8 


5) 
. 


Input Noise Current 


S 


2500, 112500 wv 


Large Signal Voltage Gain 


CMRR 
Unity Gain Bandwidth f @ -3dB 


+ Slew Rate Vs = OV, 5V 

Vg = OV, 5V to +15V 
- Slew Rate Vs = OV, 5V 

Vs = +15V 


Fall Time Vs = +15V, Vo = -200mV 


o” 

Il 

ae 

N 

oa 

fh 

13) 

[e) 

i?) 
oO 
N 

TD 

= 
alalal 
Ni} NTT ON 


-55°9C 


a 


>| > 


Supply Current (All Four Amplifiers) Vs = OV, 5V 


Vs = +15V 


a 
nm 
11] 
[e) 
1?) 
N 
° 
=) 
fi 
4 
® 
a 
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HA-5177/883 


Ultra-Low Offset Voltage 


January 1989 Operational Amplifier 


Features 


¢ This Circuit is Processed in Accordance to Mil-Std- 
883 and is Fully Conformant Under the Provisions of 
Paragraph 1.2.1. 


e Low Offset Voltage ........-.02seeeeeeee 6O0uV (Max) combination of precision input characteristics, wide gain 
10uV (Typ) bandwidth (2MHz) and high speed (0.5V/us min) and is an 
¢ Low Offset Voltage Drift ............ Ose i Se ee eee. 
0.1uV/°C (Typ) The HA-5177/883 uses advanced matching techniques 
e High Voltage Gain .............ee0000e 126dB (Min) and laser trimming to produce low offset voltage (10uV typ, 
150dB (Typ) ies hg oa low offset ibe drift (O.1pV/OC typ, 
é : 0.6yuV/OC max). This design also features low voltage noise 
as Re eer er amar (Min) (anW//Hz typ), Low current noise (0.32pA/\/Hz typ), 
dB (Typ) nanoamp input currents, and 126dB minimum gain. 
© High PSAR « oc icssscecsccdcncnsnwnceess 110dB (Min) 
135dB (Typ) These outstanding features along with high CMRR (140dB ” 
ew Nolte 2c 11nV/\/Hz (Max) typ..1100B -min)_and high. PSRR CISSdBtyp,..110d6-_min) =? 
OnV/ /Az (Typ) make this unity gain stable amplifier ideal for high resolution ag 
data acquisition systems, precision integrators, and low lev- = & 
¢ Low Power Consumption .............- 51mW (Max) — el transducer amplifiers. a = 
¢ Wide Gain Bandwidth Product .......... 2MHz (Min) The HA-5177/883 can be used as a direct replacement for 8 


e Unity Gain Stable 


Applications 


e High Gain Instrumentation Amplifiers 
e Precision Control Systems 

e Precision Integrators 

¢ High Resolution Data Converters 

e Precision Threshoid Detectors 

e Low Level Transducer Amplifiers 


Description 


The HA-5177/883 is a monolithic, all bipolar, precision 
operational amplifier, utilizing Harris Dielectric Isolation and 
advance processing techniques. This design features a 


the OPO5, OPO7, and OP77 while offering higher band- 
width and slew rate. The HA-5177/883 is packaged in an 8 
pin (TO-99) Metal Can and 8 pin Ceramic Mini-DIP and is 
pin compatible with many exisiting op amps. The 20 pad 
Ceramic Leadless Chip Carrier (LCC) is also available for 
surface mount applications. All packages are specified for 
-55°9C to +1259C operation. 


Pinouts 


HA7-5177/883 (CERAMIC MINI-DIP) 
TOP VIEW 


HA4-5177/883 (CERAMIC LCC) 
TOP VIEW 


HA2-5177/883 (METAL CAN) 
TOP VIEW 


NC 
V+ 
NC 
OUT 
NC 
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Specifications HA-5177/883 


Absolute Maximum Ratings 


Voltage Between V+ and V- Terminals...................00- 44V 
Differential Input Voltage (Note 6) ........ cece cece eee 15V 
Voltage at Either Input Terminal ...................0000e V+ to V- 
WONSSC CSRIPOMMEC rts ore eS Se oe Naa ote alongs ie we eee cis 3 25mA 
aI EIN ee sain ncinrersitn 0-0-o au rernns Full Short Circuit Protected 
JURCHGH TENORIO. 6... oS esse eee ee ee +1759C 
Storage Temperature Range ................. -659C to +150°C 
Ree ee cals cad acs in be tek Aaa es nat ee <2000V 
Lead Temperature (Soldering 10 sec).............0c00e +275°9C 


CAUTION: Absolute maximum ratings are limiting values, applied 
individually beyond which the serviceability of the circuit may be impaired. 
Functional operability under any of these conditions is not necessarily 
implied. 


Thermal Information 


Thermal Resistance 8ja Bic 
Ceramic DIP Package................. 82°C/W 25°C/W 
Ceramic LCC Package ..............0. 749C/W = 20°C/W 
Metal Can Package ................0- 98°C/W 30°C/W 

Package Power Dissipation Limit at +75°C for Ty < +1759C 


RIGTAINIG GI POOCKEAGG ocd si vic ders oe docs ve + us op os 1.22mW 
COMANG LIC PACKAOG ince caceeccccsdasccguccecretate 1.36W 
UN Reeth OECD i ose a5 Ohi. walked inmcbtiaibln orca ee 1.02W 
Package Power Dissipation Derating Factor Above +75°C 
SeraHne EME POGKOUG soo svc s rate ds tiers cancels 12.2mW/°C 
OPUS Lies POCKGOR =~ oo iid aso Sebeen etic 13.6mW/°C 
WIRtAT CBHI ACKAUC wooo 5 oc clcecwo sv ovd Sal a caw es 10.2mW/°C 


Recommended Operating Conditions 
Operating Temperature Range ............... -55°C to +125°9C 


VINcm XS 1/2 (V+ - V-) 


Operating Supply Vollage’ 65 is ee SE +15V Ry, > 6000 


TABLE 1. D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 


Device Tested at: Supply Voltage = +15V, RSgURCE = 502, RLOAD = 100kN, VoytT = OV, Unless Otherwise Specified. 


Input Bias Current 


aS 


Vom =0V 
+Rg = 10kN. 


Input Offset Current 


-Rs = 10kN 


Common Mode Range 


Large Signal Voltage Gain VouT = OV and +10V 


Ry = 2kn 


VouT = OV and -10V 
Ru = 2kN 


Common Mode Rejection 
Ratio 


AVcm = 10V 
+V = +5V 
-V =-25V 
Vout = -10V 


D.C. PARAMETERS SYMBOL CONDITIONS 
10 = 


Input Offset Voltage Vom = OV 


Vom =0V 
+Rs = 10kN, 502. 


SUBGROUP | TEMPERATURE UNITS 


+25°9C 


= 
< 


+125°C, -55°C 


+25°9C 


2,3 


= 
> 


+125°C, -55°C 


3 =o 


+25°9C 
+1259C, -55°9C 


+25°9C 


+1259C, -55°C 12 


+25°9C 


+1259C, -55°C 


+25°9C 


+125°C, -55°9C 


+25°9C 


+125°9C, -55°9C 


+25°9C 


+1259C, -55°9C 


+25°9C 


+125°9C, -55°C 110 


CAUTION: This device is sensitive to electrostatic discharge. Proper |.C. handling procedures should be followed. 
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TABLE 1. D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


Device Tested at: Supply Voltage = +15V, RSOURCE = 502, RLOAD = 100kQ, CLoAD = 120pF, VouT = OV, 
Unless Otherwise Specified. 


LIMITS 
GROUP A 
D.C.PARAMETERS  |SYMBOL CONDITIONS SUBGROUP | TEMPERATURE | MIN| | MAX — UNITS 


ee 


: 
+1250C,-559C | -1.7 


fe 
NM 
Ol 
fe) 
— 
Oo 
< 


Output Current 


ES 
e|¢ 
a nh 
</ on 
Oo|r 
ew y 
il © 
ilo 
r13e 
os oe) 
< 
rey ee 
Mr Nh 
oO gi 
oO oO 
x1 
—_ 
] 
—_, 
3/3 
BEE 


-lOUT 


+V = +5V,-V=-15V 


Quiescent Power 
Supply Current 


f 
a 
nN 
ol 
Oo 
?) 

| 

—_ 


Power Supply 
Rejection Ratio 


+V = +15V,-V =-5V 
+V = + 15V, -V = -20V +125°9C, -55°9C 110 


2;3 

wae 

fiaeel cca c= 
ler 


TABLE 2. A.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 


Offset Voltage 
Adjustment 


Device Tested at: Supply Voltage = +15V, RSOURCE = 502, RLOAD = 2k9, CLOAD = 5O0PF, AvcL = +1V/V, 
Unless Otherwise Specified. 


PARAMETERS SYMBOL CONDITIONS 


Slew Rate VOUT = -3V to +3V 


Rise & Fall Time 


-SR VouT=+3Vto-3V 7 +25°C 
VIN S.R. < 25V/us 
TR VouT = 0 to +200mV 
10% <TR < 90% 
; 


Vout = 0 to -200mV 7 +250C 
10% < Tr < 90% 


Overshoot 


3-449 


8 
n 
O. 
= 
< 
a. 
Oo 


COMPARATORS 


HA-5177/883 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 
Device Characterized at: Supply Voltage = +15V, RLOAD = 2k, CLOAD = 50pF, Ay = +1V/V, Unless Otherwise Specified. 


LIMITS 
PARAMETERS SYMBOL CONDITIONS NOTES | TEMPERATURE UNITS 
pV, 


2 MING AINE 
[rsmornvcieom [vere [vee | + [ooowrase| - | oo | wmo 
[rarer omGuenoe | HoT [wwatmromre [1 [oewranc | | | oneo 

= [one 
a 


Low Frequency 0.1Hz to 10Hz 1 +25°C UVp-p 
Peak-to-Peak Noise Voltage 


aM ic a a 
Peak-to-Peak Noise Current 
atin = | 
1HZ < fg < 100kHz 
Lote ge oe Ee 
aes ee 
Ee ee 
oe oe 
ACR 


NOTES: 1. Parameters listed in Table 3 are controlled via design or process parameters and are not directly tested at final production. These parameters are 
lab characterized upon initial design release, or upon design changes. These parameters are guaranteed by characterization based upon data 
from multiple production runs which reflect lot to lot and within lot variation. 


. Full Power Bandwidth guarantee based on Slew Rate measurement using FPBW = Slew Rate/(2nVpe Ax). 
- Power Consumption based upon Quiescent Supply Current test maximum. (No load on outputs.) 

. Input Noise Voltage Density and Input Noise Current Density is sample tested on every lot. 

. This test is for functionality only to assure adjustment through OV. 


oOo nh © ND 


. The input stage has series 5002 resistors along with back to back diodes. This allows large differential input voltages protection at a slight 
increase towards noise voltage. 


TABLE 4. ELECTRICAL TEST REQUIREMENTS 


MIL-STD-883 TEST REQUIREMENTS SUBGROUPS (SEE TABLES 1 & 2) 


Final Electrical Test Parameters 1*;2,4;%.0. 0,7 
Group A Test Requirements 1, 2,3; 4; 5,8; 7 


* PDA applies to Subgroup 1 only. 


The Subgroup assignments of the parameters in these tables were patterned after Mil-M-3851 0/135, 
except for Vig which is Subgroup 1, 2, and 3. 
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Test Circuit (Applies to Tables 1 and 2) 


*INCLUDES STRAY 

CAPACITANCE 

10K FOR LOOP STABILITY, 
USE MIN VALUE CAPACITOR 
TO PREVENT OSCILLATION 


st ~ 4 SSA Tae Maris Ra 
; > 
V 


OPEN 20 4 1 S3B 


2K 600 


ALL RESISTORS = + 1% (2) 
ALL CAPACITORS = + 10% (/F) 


For Op~Amp Test Circuits and Conditions, Refer to the Harris Tech Brief “HA-5177/883 Test Methods”. 
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Test Waveforms (Applies to Tables 2 and 3) 
SIMPLIFIED TEST CIRCUIT 


V+ 


IN OUT 


502 2kN 50pF 


LARGE SIGNAL WAVEFORM 


+ 3.0 


- 3.0V 


+ 200mv ———- 


ov . 
tet OS Te; - OS 


NOTE: Measured on Both positive and negative transitions. 


SAT TEES 
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Burn-In Circuits 


HA7-5177/883 CERAMIC Mini-DIP 


HA4-5177/883 CERAMIC LCC 


HA2-5177/883 (TO-99) METAL CAN 


NOTES: 

Ry = Ro = 1k, +5%, 1/4W (Min) 

R3 = 10kN +5%, 1/4W (Min) 

C1 = Cop = 0.01pF/Socket (Min) or 0.1 F/Row (Min) 
Dy = Do = IN4002 or Equivalent/Board 

| (V+) - (V-) |= 30Vv 
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Schematic Diagram 
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Die Characteristics 
DIE DIMENSIONS: 


TRANSISTOR COUNT: 71 
71.7 x 102 x 19 mils PROCESS: HFHB Bipolar Dielectric Isolation 
(1820 x 2590 x 483 pm) SUBSTRATE POTENTIAL (Powered Up): V- 
METALLIZATION: 


DIE ATTACH: 
Type: Aluminum Material: Gold/Silicon Eutectic Alloy 
Thickness: 16kA + 2kA 


Temperature: Ceramic DIP — 460°C (Max) 
j —— Oo 
WORST CASE CURRENT DENSITY: Ceramic LCG — 420°C (Max) 
0.7 x 105A/cm2 


Metal Can — 420°C (Max) 
GLASSIVATION: 


Type: Silox 
Thickness: 9.5kA + 2.5kA 


Metallization Mask Layout 


HA-5177/883 


Ww 5 
reg © @*enars © . = Oe 


Lal —— 


BAL 2 BAL 1 


OUT 


NC 


NOTE: Pin Numbers Correspond to 8 Pin Metal Can and Mini-DIP Packages Only. 
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Packaging t 


8 PIN CERAMIC MINI-DIP 


375 
Tees aries 
po 386 140 945 
.005 MIN =e [160 .265 
200 MAX oa eee a 
pu Rp 
F015 J i) ||] iy Wl) aso min sae. 
! 060 HTH i r .310 
= —— | | | J — ‘ 
125 _| Wise). Mier st some MAR «Plies. One” 
180 o16* |fi-4 100 -O19 
a BSC 
ey ee | 
—4  .050* 


fe) 


“ 


* INCREASE MAX LIMIT BY .003 INCHES 


—— MEASURED AT CENTER OF FLAT FOR 


-065 SOLDER FINISH 


20 PAD CERAMIC LCC 


-342 


028 ean 358 
sa ta 
.055 WN 


8 PIN TO-99 METAL CAN 


335 321 
370° .325 


210 


*Dimension Maximum Limits Are Increased by 0.003 inches for Solder Dip Finish 


NOTE: All Dimensions are 


Min : . i 
, Dimensions are in inches. 
Xx 
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LEAD MATERIAL: Type B 
LEAD FINISH: Type A 
PACKAGE MATERIAL: Ceramic, 90% Alumina 
PACKAGE SEAL: 

Material: Glass Frit 

Temperature: 450°C + 10°C 

Method: Furnace Seal 
INTERNAL LEAD WIRE: 

Material: Aluminum 

Diameter: 1.25 Mil 

Bonding Method: Ultrasonic 
COMPLIANT OUTLINE: 38510 D-4 


PAD MATERIAL: Type C 
PAD FINISH: Type A 
FINISH DIMENSION: Type A 
PACKAGE MATERIAL: Ceramic, 90% Alo03 
PACKAGE SEAL: 
Material: Gold/Tin (80/20) 
Temperature: 320°C + 10°C 
Method: Furnace Braze 
INTERNAL LEAD WIRE: 
Material: Aluminum 
Diameter: 1.25 Mil 
Bonding Method: Ultrasonic 
COMPLIANT OUTLINE: 38510 C-2 


LEAD MATERIAL: Type A 
LEAD FINISH: Type C 
PACKAGE MATERIAL: Kovar Header with 
Nickel Can 
PACKAGE SEAL: 
Material: No Seal Material 
Temperature: Room Temperature 
Method: Resistance Weld 
INTERNAL LEAD WIRE: 
Material: Aluminum 
Diameter: 1.25 Mil 
Bonding Method: Ultrasonic Bonded 
COMPLIANT OUTLINE: 38510 A-1 


+ Mil-M-38510 Compliant Materials, Finishes, and Dimensions. 
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w HARRIS HA-5177 


DESIGN INFORMATION Ultra-Low Offset Voltage 
Operational Amplifier 


The information contained in this section has been developed through characterization by Harris Semiconductor and is for 
use as application and design aid only. These characteristics are not 100% tested and no product guarantee is implied. 


Typical Performance Curves unless Otherwise Specified: Ta = +25°C, VsyppLy = +15V 


OFFSET VOLTAGE vs. TEMPERATURE BIAS CURRENT vs. TEMPERATURE 


OFFSET VOLTAGE CHANGE (uV) 
BIAS CURRENT (nA) 


TEMPERATURE (°C) 
TEMPERATURE (°C) 


OFFSET VOLTAGE WARM-UP DRIFT BIAS CURRENT vs. DIFFERENTIAL INPUT VOLTAGE 


ZEeRAaARR RNG DR ae AS eee. 
SAE BRM Gee ee 
BRR 


BIAS CURRENT (mA) 
Rt 
Ae SAPS 
CS ad a al 
Be Bs ee 


A 


ai 


S 
WwW 
o 
z 
< 
ms 
Oo 
WwW 
o 
< 
- 
_ 
12) 
> 
~ 
Ww 
+2) 
uw 
re 
° 


a py icant mote he ae te Men ee 
AE OE A Ds eS 


_ 


2 
TIME AFTER POWER ON (MINUTES) 


OFFSET VOLTAGE vs. SUPPLY VOLTAGE OFFSET CURRENT vs. TEMPERATURE 
Six Representative Units Five Representative Units 


pleat) ed els LL hee Bee 

acue SOPSERPE SSeS Cee SE 
Reco FS SRE essent = eames 
a! a BS BSI | ptt tf fe 


—a_| a 


a 


= 9 
Smee 
Bes 
ai Be Poe 
i heel ia 


OFFSET VOLTAGE ( :V) 
OFFSET CURRENT (nA) 


15 ; 
SUPPLY VOLTAGE (+ V) : BeBe eeseekek eaceae 


40 20 ie) 20 40 60 80 
TEMPERATURE (°C) 
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DESIGN INFORMATION (continuea) 


The information contained in this section has been developed through characterization by Harris Semiconductor and is for 
use as application and design aid only. These characteristics are not 100% tested and no product guarantee is implied. 


Typical Performance Curves Unless Otherwise Specified: Ta = +25°C, Vgyppiy = +15V 


OPEN LOOP GAIN vs. TEMPERATURE OPEN LOOP GAIN vs. SUPPLY VOLTAGE 


GAIN (dB) 
& 
GAIN (dB) 


ul 
Hoel 


erin ob, SUPPLY VOLTAGE (+ V) 


PEAK-TO-PEAK NOISE 0.1Hz TO 10Hz 
INPUT NOISE vs. FREQUENCY Ay = 25,000, 0.22Vp5_-p RTI 


NOISE VOLTAGE 


as 

aig 

SOI i 

CPSU IC 
ee 

\ 

Bs 

TR 
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INPUT NOISE VOLTAGE nV/\'Hz 


1.0 
HS TT 


UT | 
Bt 
Daa ee ll 


INPUT NOISE CURRENT nA/\Hz 


10 100 1K 10K 100K 
FREQUENCY (Hz) 


SLEW RATE vs. SUPPLY VOLTAGE 
SUPPLY CURRENT vs. SUPPLY VOLTAGE Ay = 1, RL = 2K, Cy = 50pF 


ibs Bs ee Se eS eS 
Ce 
We Re IRS oa 


a 
sii 
ra 
fie 


NAY. 


a 


SUPPLY CURRENT (mA) 
SLEW RATE (V/u:S) 


1.08 


5 4 9 11 13 15 17 19 
SUPPLY VOLTAGE (V) 


SUPPLY VOLTAGE (+ V) 


3-457 


HA-5177 


DESIGN INFORMATION (continue) 


The information contained in this section has been developed through characterization by Harris Semiconductor and is for 
use as application and design aid only. These characteristics are not 100% tested and no product guarantee is implied. 


Typical Performance Curves unless Otherwise Specified: Ty = +25°C, Vgypply = £15V 


VARIOUS CLOSED LOOP GAINS vs. FREQUENCY 
OPEN LOOP GAIN AND PHASE vs. FREQUENCY RL = 2K, CL = 50pF 


UT ETT TTT TTT TTT 
CU CHC 
TTT ET TTT 
SUT nT TINT | TTT 


ee can 


| se eo |S ae 


Bin Be a 
Sg NA A 


100K 
ase ENCY (Hz) 


8 


8 


8 
fmt 
‘Bi 
= 
co 
wy 
f' 
7 
ei 
= 
“= 
eu 
= 
ra 

a0 
= 
oe 
ro 
= 
im 
ees 
= 
ise 
rat 
= 
ina 
ra 
= 
2 


STN 


GAIN (dB) 
§ 


GAIN (dB) 


me SH 
Bill anil LT Pease Ho SSDS St 
CCH nse - 180 


0.01 100 1K 10K 100K 1M 10M 
FREQUENCY (Hz) 


H- 45 


PHASE SHIFT (DEGREES) 


- 135 


8 
PHASE SHIFT (DEGREES) 


CLOSED LOOP GAIN AND PHASE vs. FREQUENCY 
Ay = +1, Rr = 2K, Cy = 50pF PSRR vs. FREQUENCY 


LUE TT TT TTT sett 
CCC Tne UTS TIS TT TT 

ST Ee Na CAE TEINS TT Se an 
| COT NTT BE Se SA | 
LLU ETT TIT TTT TAT NIE TEU | TTI TETSU 
| ST eee LAIN LEE TUTTI CTT TUT 
ve LUTTE TTT TPA TIN. CCM ET CITT 
ll UAV TUTTI TTT TUTTI EAT 


0.1 100 1K 10K 
seen Ae (Hz) 


8 


3 


PSRR (dB) 
8 


8 


GAIN (dB) 


PHASE SHIFT (DEGREES) 


- 180 
10 100 10M 
ne oe (Hz) 


CLOSED LOOP GAIN AND PHASE vs. FREQUENCY 
Ay = -1, RL = 2K, Cy = 50pF CMRR vs. FREQUENCY 


LTTE TTT TT I IT PTT TTT TTT 
ST UTS TTT TTT TT TTT 
Caen aad STUN TTS TTT TT 

{COC ct Mo rt ST TTT 
LLU ATT TTT ATA TT CLI LETT TTT TTI SCT 
7 SEUGEUGBUIRBIINGS A COMMUN HTM Ce tet Mit 
aw UT CM TTT TTT 
PLAIN VT CATIA CET TT 


0.1 1 10 100 10K 
FREQUENCY (Hz) 


CMRR (dB) 
8 


GAIN (dB) 
[o>] 


- 45 


PHASE SHIFT (DEGREES) 


TC (Hz) 


3-458 


HA-5177 


DESIGN IN FORMATIO N (Continued) 


The information contained in this section has been developed through characterization by Harris Semiconductor and is for 
use as application and design aid only. These characteristics are not 100% tested and no product guarantee is implied. 


Typical Performance Curves unless Otherwise Specified: Ta = +25°C, VguppLy = £15V 


OUTPUT VOLTAGE vs. LOAD RESISTANCE OUTPUT VOLTAGE vs. FREQUENCY 
Ay = -1, Vin = 100Hz, CL = 50pF Ay = -1, RL = 2K, CL =50pF 


25 


OUTPUT VOLTAGE (Vp - p) 


HI a ges Hill 
| RY | ee 


All| - | Hill 
Zaiil PT TENT 
LT Lae Ns 


PEAK - TO - PEAK OUTPUT VOLTAGE (V) 


1.5 _— 
oT ET ot LETT TIPS 
1 10 100 1K 10K 1K 10K 100K 1M 2 
LOAD RESISTANCE (9) FREQUENCY (Hz) BO 
ak 
8 
SMALL SIGNAL BANDWIDTH AND PHASE MARGIN vs. 5 S 
LOAD CAPACITANCE OVERSHOOT vs. LOAD CAPACITANCE S 
Ay = +1 Vs = +15V, Ay = +1, Vout = +200mV 


BANDWIDTH (MHz) 

8 8 & $ 8B 

PHASE MARGIN (DEGREES) 
OVERSHOOT (%) 


e) 
0 500 1000 1500 2000 2500 3000 3500 4000 4500 S000 0 300 600 900 1200 1500 1800 2100 2400 2700 3000 
LOAD CAPACITANCE (pF) LOAD CAPACITANCE (pF) 


OUTPUT SHORT CIRCUIT CURRENT vs. TIME 
VIN = +10V, Ay = -1 


ce -Ig¢o &t+!sc 


CURRENT (mA) 
g 


TIME (MINUTES) 
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DESIGN INFORMATION (continuea) 


The information contained in this section has been developed through characterization by Harris Semiconductor and is for 
use as application and design aid only. These characteristics are not 100% tested and no product guarantee is implied. 


Typical Performance Curves unless Otherwise Specified: Ta = +25°C, VsyppLy = +15V 


MEASURED LARGE SIGNAL RESPONSE 
Vertical Scale: 
Horizontal Scale: 


(Volts: 5V/Div.) 
(Time: 5ys/Div.) 


MEASURED SMALL SIGNAL RESPONSE 
Vertical Scale: (Volts: 100mV/Div.) 
Horizontal Scale: (Time: 2us/Div.) 


$ 


Applications Information 
Operation Below +15V Supply 
The HA-5177 performs well down to +5V supplies. 


At +5V supplies there is a slight degradation of slew rate 
and open loop gain. There is very little change in bias 
currents and offset voltage. 


Offset Adjustment 


The following is the recommended Vjo adjust configuration: 


+ 15V 


Vv 


ae —15V 


Setting R- = 20kQ will give an adjustment range of at least 
+2.6mV. 


Input Protection 


The HA-5177 input stage has built in back-to-back protec- 
tion diodes with series current limiting resistors. 


The Bias currents will increase when a differential voltage of 
0.7 volts is exceeded. 


The internal current limiting resistors (500) sufficiently 
limit current, therefore, no external resistors are required. 


Refer to the “Bias Current vs. Differential Input Voltage” 
curve in the Typical Performance Curves section. 
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DESIGN INFORMATION (continueg) 


The information contained in this section has been developed through characterization by Harris Semiconductor and is for 
use as application and design aid only. These characteristics are not 100% tested and no product guarantee is implied. 


Application Information (Continued) 
SETTLING TIME CIRCUIT (Applies to Table 3 only) 


TO 
OSCILLOSCOPE 


e Ay = -1 
@ Feedback and summing resistors should be 0.1% matched. 
© Clipping diodes are optional. HP5082-2810 recommended. 

TYPICAL PERFORMANCE CHARACTERISTICS 


Device Characterized at: Supply Voltage = +15V, RL = 2K, Cy = 50pF, Ay = +1V/V, Unless Otherwise Specified. 


PARAMETERS CONDITIONS TEMP TYPICAL UNITS 
Offset Voltage Vom = OV Table 1 pV 
nA 


ai pa Mee | 
Pe ag gnaw 4 

[OffsetVoltageDrit | Versus Temperature |Full, | ot | Tables 
pele | nA] 
ee Biamiind 
[Bs 


DESIGN 
LIMIT 


nA 


Table 1 
Differential Input Resistance Se cre 
ECO Sain ee Table | _nW/Hz 


15 35 
eae 
Table 3 
haa Bae 
Pa 
ro 02 [2 
| 0:4 


pA/OC 


H 


Input Noise Voltage Density 


fo= 
(ow FrequeneyP-P Noise Vlogs | o1Hzto tora ———~=dtC(sec | oe 


Ae) 
@) 
1.2 


Table 3 pA/\/Hz 
pV D-p 


ai, oS wee Cd eee | ee 


Minimum Supply Voltage Functional Operation Only. +25°C - +5 +6 
Other Parameters Will Vary. 


3-461 


OP AMPs & 
COMPARATORS 


FARRIS 


HA-5190/883 


Wideband, Fast Settling 
Operational Amplifier 


January 1989 


Features 


¢ This Circuit is Processed in Accordance to Mil-Std- 
883 and is Fully Conformant Under the Provisions of 
Paragraph 1.2.1. 


© Very High Slew Rate .................. 160V/us (Min) 
* Fast SOU TiO ov. ces oo cd eee daoc cad 100ns (Typ) 
¢ Wide Gain Bandwidth ................ 150MHz (Min) 
*-POWeEromeiwitil oo. osao. cs bs dec dene 5MHz (Min) 
LOW Offset VONRO6 <5 oo oc F osulee See cade 5mV (Max) 
¢ Input Voltage Noise @ 1kHz.......... 6nV/\/Hz (Typ) 


¢ Monolithic Bipolar Construction 


Applications 

¢ Fast, Precise D/A Converters 

* High Speed Sample and Hold Circuits 
¢ Pulse and Video Amplifiers 

¢ WideBand Amplifiers 

® Replace Costly Hybrids 


SST IE TR 


Pinouts 


HA1-5190/883 (CERAMIC DIP) 
TOP VIEW 


NC 


NC 


NC 


V+ 


OUTPUT 


NC 


NC 


HA4-5190/883 (CERAMIC LCC) 
TOP VIEW 


Description 


The HA-5190/883 is a monolithic operational amplifier 
featuring an ultimate combination of speed, precision, and 
bandwidth. Employing monolithic bipolar construction 
coupled with Dielectric Isolation, this device is capable of 
delivering an unparalleled 160V/us slew rate (min) with a 
settling time of 100ns (typ). This truly differential amplifier is 
designed to operate at a gain of 5 without the need for 
external compensation. Other oustanding HA-5190/883 
features are 150MHz (min) gain~bandwidth-product and 
SMHz full power bandwidth. in addition to these dynamic 
characteristics, this amplifier also has excellent input 
characteristics such as 5mV offset voltage (max) and 6.0nV 
(typ) input voltage noise density at 1kHz. 


With such dynamic A.C. performance, the HA-5190/883 
makes an ideal output amplifier for accurate, high speed 
D/A converters or the main component in high speed 
sample and hold circuits. The HA-5190/883 is also ideally 
suited for a variety of pulse and wideband video amplifier 
applications. 


The HA-5190/883 is available in Metal Can (TO-8), 20 pin 
Ceramic LCC, and 14 pin Ceramic DIP packages and is 
specified over the -550C to +125°C temperature range. 


<TR EERE re 


HA2-5190/883 (TO-8 METAL CAN) 
TOP VIEW 


Case Tied To V- 


PO TR EE TO EI RE A 
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Specifications HA-5190/883 


Absolute Maximum Ratings 


Voltage Between V+ and V- TerminalsS...........eeeeeeeeees 35V 
Differential Input Voltage (Note 8) ......... 2 cece eee eee eee eee 6V 
Voltage at Either Input Terminal .......... 00 e eee ee eee V+ to V- 
Peak Output Current (< 10% Duty Cycle) ...........eeeee. 50mA 
Junction Temperature (Ty): ... cto hess tage ee gees +175°C 
Storage Temperature Range ...........+-eee: -65°9C to +150°C 
AUIS. ong. 5S vines Vea odds ooo WE gl os os alwew 60m < 2000V 
Lead Temperature (Soldering 10 SEC)... 1... ee eee eee eee +275°C 


CAUTION: Absolute maximum ratings are limiting values, applied 
individually beyond which the serviceability of the circuit may be impaired. 
Functional operability under any of these conditions is not necessarily 
implied. 


Thermal Information 


Thermal Resistance Bia Bic 
Ceramic DIP Package .:..........ss00. 989C/W = 30°C/W 
Geramic' LCE Package. .......6c..e00 95°C/W  359C/W 
Metal Can Package .........ccceeceees 699C/W_319C/W 

Package Power Dissipation Limit at +75°C For Ty < 175°C 


Caramic:DIP-RaGhage cuss e060 6s Err REET OFE OS 1.02mW 
Ceramic OC Bache < vs cco) tegen sos dpilud @aaeev en © 1.06W 
WOE AN. PAGKHOG: c0t soi a eau dardeleds con ote nas tec enone 1.45W 
Package Power Dissipation Derating Factor Above +75°C 
CEPA DIP PACKOOO |}. os. ba cca dectecs ies aeenues 10.2mW/°C 
Ceramic LOG Package 2 i. f02 oo dice ccewcawnsncs 10.6mW/°C 
WiStAU Catt PACKGUe oc bcd cna van didens «oe waxes 14.5mW/°C 


Recommended Operating Conditions 


Operating Temperature Range ............05- -55°9C to +1259C 


ViNcm < 1/2 (V+ - V-) 


Operating Supply Voltage-...0.05 eer we coer ere ws +12Vto+15V Ry, > 200 


TABLE 1. D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 


Device Tested at: Supply Voltage = +15V, RSouRCE = 1002, RLOAD = 500k}, Vout = OV, 


Unless Otherwise Specified. 


D.C. PARAMETERS 


Input Offset Voltage 


Input Bias Current 
Input Offset Current 


Common Mode Range 


Large Signal Voltage Gain +AVOL VouT = OV and +5V 
Ri = 2002 
-AVOL Vout = OV and -5V 
Ri = 2002 
Common Mode Rejection | +CMRR | AVcM=+5V 
Ratio +V=+10V 
-V=-20V 
VOUt= = 
-CMRR 


SYMBOL CONDITIONS 


GROUP A 
SUBGROUP 


| MAX. | UNITS 


TEMPERATURE 


ee 


3 
< 


tt 
=< 


> >| > 


> 


= = = = = 


ramen [ 


+1250C, -55°C i 


+1259C, -559C 


CAUTION: This device is sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
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TABLE 1. D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 
Device Tested at: Supply Voltage = +15V, RSQURCE = 102, RLOAD = 500kN, VouT = OV, 


Unless Otherwise Specified. 
LIMITS 
TEMPERATURE UNITS 


D.C. PARAMETERS SYMBOL eae | min | Max | 
ea be a 


GROUP A 
SUBGROUP 


Output Voltage Swing +VouT | RL =2000 
+1259C, -55°C ee 


+lout | VYout>-5V 


Output Current 


Quiescent Power 
Supply Current 


VouT = OV 
louT = OmA 


Power Supply 
Rejection Ratio 


AVsyup = 10V 
+V = +10V, -V =-15V 
+V = +20V, -V = -15V 


AVsup = 10V 
+V = +15V, -V =-10V 
+V = +15V, -V =-20V 


TABLE 2. A.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 


Device Tested at: Supply Voltage = +15V, RSOURCE = 1002, RLOAD = 2002, CLoap < 10pF, AvVCL = 5V/V, 
Unless Otherwise Specified. 


GROUP A 
D.C. PARAMETERS SYMBOL SUBGROUP 


Slew Rate VouT = -5V to +5V 
Tsa_| Vour=+5vi0-5v 


Rise & Fall Time TR VouT = 0 to +200mV 
10% <TR < 90% 

Tr VouT = 0 to -200mV 
10% < TF < 90% 


3-464 


HA-5190/883 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 
Device Characterized at: Supply Voltage = +15V, RLOAD = 1kM, CLOAD < 10PpF, Ay = 5V/V, Unless Otherwise Specified. 


LIMITS 
PARAMETERS SYMBOL CONDITIONS NOTES TEMPERATURE 


rian | wax | unrrs 
[vo stoonwio= vie | 1 | ame [wwe | | we 


Quiescent PC VouT = OV, lout = OmA 1:3 -559C to +1259C 720 
Power Consumption 


NOTES: 1. Parameters listed in Table 3 are controlled via design or process parameters and are not directly tested at final production. These parameters are 
lab characterized upon initial design release, or upon design changes. These parameters are guaranteed by characterization based upon data 
from multiple production runs which reflect lot to lot and within lot variation. 


2. Full Power Bandwidth guarantee based on Slew Rate measurement using FPBW = Slew Rate/(2nVpe aK). 
3. Quiescent Power Consumption based upon Quiescent Supply Current test maximum. (No load on outputs.) 


TABLE 4. ELECTRICAL TEST REQUIREMENTS 


MIL-STD-883 TEST REQUIREMENTS SUBGROUPS (SEE TABLES 1 & 2) 


wien" | ot 


* PDA applies to Subgroup 1 only. 
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5 | = | wie 
Minimum Closed Loop CLSG Ri = 2000, CL < 10pF 1 -55°C to +1259C VV 
Stable Gain 


0% 
a 
= 
< 
oO. 
°) 


COMPARATORS 


HA-5190/883 


Test Circuit (Applies to Table 1) 


ACOutT 


< V1 


FOR LOOP STABILITY, 
USE MIN VALUE CAPACITOR 
TO PREVENT OSCILLATION 
500K 


1K : 
VAC Grr -V 
100 100 50 EE p> , 
¥% = 
\/ \/ 
5K 
. 
= ALL RESISTORS = + 1%(QqQ) 


ALL CAPACITORS = + 10% ( [/F) 


For Detailed Information, Refer to HA-5190/883 Test Tech Brief 


Test Waveforms 
SIMPLIFIED TEST CIRCUIT FOR LARGE AND SMALL SIGNAL RESPONSE (Applies to Tables 2 and 3) 


Ay = +5 
CL < 10pF 
MEASURED LARGE SIGNAL RESPONSE MEASURED SMALL SIGNAL RESPONSE 
Vertical Scale: Input = 2V/Div., Output = 2V/Div. Vertical Scale: Input = 50mV/Div., Output = 100mV/Div. 
Horizontal Scale: Time: 50ns/Div. Horizontal Scale: 50Ons/Div. 


INPUT 


OUTPUT 
OUTPUT 
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HA-5190/883 


Burn-In Circuits 


HA1-5190/883 CERAMIC DIP 


OP AMPs & 
COMPARATORS 


HA2-5190/883 TO-8 METAL CAN 


NOTES: 

Ry = Ro = 1k, 5%, 1/4W (Min) 
R3 = 10k, +5%, 1/4W (Min) 

R4 = Rg = 100k, +5%, 1/4W (Min) 
Rg = 1MQ, +5%, 1/4W (Min) 

Cy = C2 = 0.01,1F/Socket (Min) or 0.1 yF/Row, (Min) 
Dz = Dp = IN4002 or Equivalent/Board 

| (v+) - (V-) |= 30V 
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HA-5190/883 


Schematic Diagram 
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HA-5190/883 


Die Characteristics 


DIE DIMENSIONS: GLASSIVATION: 
87 x 52 x 19 mils Type: Nitride 
(2210 x 1320 x 483 um) Thickness: 7kA + 0.7kA 
METALLIZATION: TRANSISTOR COUNT: 49 
citi mcasent a PROCESS: High Frequency Bipolar Dielectric Isolation 
ibaa = DIE ATTACH: 
WORST CASE beh sds th DENSITY: Material: Gold/Silicon Eutectic Alloy 
0.7 x 10°A/cm* @ 3,72mA Temperature: Ceramic DIP — 460°C (Max) 
SUBSTRATE POTENTIAL (POWERED UP): V- Ceramic LCC — 420°C (Max) 


Metal Can — 420°C (Max) 


Metallization Mask Layout 
HA-5190/883 


OP AMPs & 
COMPARATORS 


12096 7 HARRIS (c) 80(") 


+IN “V 


NOTE: Pin Numbers Correspond to 12 Pin (TO-8) Metal Can Package Only. 
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HA-5190/883 
Packaging * 
14 PIN CERAMIC DIP 


-140 
-170 


-150 MIN 
-098 MAX 


* INCREASE MAX LIMIT BY .003 INCHES 
MEASURED AT CENTER OF FLAT FOR 
SOLDER FINISH 


.0O5 MIN 


-200 MAX 


Ls 
15° 


20 PAD CERAMIC LCC 


12 PIN TO-8 METAL CAN 


585 545 
615 555 


LU 


NOTE: All Dimensions are Min , Dimensions are in inches. 
x 
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LEAD MATERIAL: Type B 
LEAD FINISH: Type A 
PACKAGE MATERIAL: Ceramic, 90% Alumina 
PACKAGE SEAL: 

Material: Glass Frit 

Temperature: 450°C + 10°C 

Method: Furnace Seal 
INTERNAL LEAD WIRE: 

Material: Aluminum 

Diameter: 1.25 Mil 

Bonding Method: Ultrasonic 
COMPLIANT OUTLINE: 38510 D-1 


PAD MATERIAL: Type C 
PAD FINISH: Type A 
FINISH DIMENSION: Type A 
PACKAGE MATERIAL: Ceramic, 90% AloOg 
PACKAGE SEAL: 
Material: Gold/Tin (80/20) 
Temperature: 320°C + 10°C 
Method: Furnace Braze 
INTERNAL LEAD WIRE: 
Material: Aluminum 
Diameter: 1.25 Mil 
Bonding Method: Ultrasonic 
COMPLIANT OUTLINE: 38510 C-2 


LEAD MATERIAL: Type A 
LEAD FINISH: Type C 
PACKAGE MATERIAL: Kovar Header with 
Nickel Can 

PACKAGE SEAL: 

Material: No Seal Material 

Temperature: Room Temperature 

Method: Resistance Weld 
INTERNAL LEAD WIRE: 

Material: Aluminum 

Diameter: 1.25 Mil 

Bonding Method: Ultrasonic Bonded 
PACKAGE CASE VOLTAGE POTENTIAL: \V- 
COMPLIANT PACKAGE: None 
PACKAGE USED: JEDEC ‘AB’ 


t Mil-M-38510 Compliant Materials, Finishes, and Dimensions. 


@ Harris A-5190 


DESIGN INFORMATION Wideband, Fast Settling 
Operational Amplifier 


The information contained in this section has been developed through characterization by Harris Semiconductor and is for 
use as application and design aid only. These characteristics are not 100% tested and no product guarantee is implied. 


Typical Performance Curves unless Otherwise Specified: Ta = +25°C, VguppLy = +15V 


INPUT OFFSET VOLTAGE AND BIAS CURRENT vs. 
TEMPERATURE OPEN LOOP FREQUENCY RESPONSE 


ai Hit ee a 
NNEC 


a ass saps 
Hea Ui 
TY A a SU 
a ee 


1K 10K 100K 1IMEG 10MEG 100MEG 
FREQUENCY (Hz) 


(izes ee) 


OFFSET VOLTAGE 


INPUT BIAS CURRENT (yA) 


Vio OFFSET VOLTAGE (mV) 


OPEN LOOP VOLTAGE GAIN (dB) 


OP AMPs & 
COMPARATORS 


OUTPUT VOLTAGE SWING vs. FREQUENCY NORMALIZED AC PARAMETERS vs. TEMPERATURE 


ELT CT TT TT 


TO VALUES AT +250C 


0 +40 +80 +120 +160 
TEMPERATURE (°C) 


NORMALIZED PARAMETERS REFERRED 


OUTPUT VOLTAGE SWING - 
VOLTS PEAK-TO-PEAK 


mn 
CONC 
IC 


100K IMEG 10MEG 100MEG 
FREQUENCY (Hz) 


INPUT NOISE VOLTAGE AND NOISE CURRENT vs. 
NORMALIZED AC PARAMETERS vs. LOAD CAPACITANCE FREQUENCY 


f Ct kL tell 
ce ae 


Hz) 


Hei Gone EL 


VOLTAGE NOISE SOURCE 
RESISTANCE = 5KQ 


mas ad a mise TTT TT 
Sallie SU S401 
voutabe normed Ube LETT TTT 


SOURCE RESISTANCE = 02 111 a ao 
1K 
FREQUENCY (Hz) 


INPUT VOLTAGE NOISE (nV\/ Hz) 
INPUT CURRENT NOISE (pA/ 


NORMALIZED VALUE REFERRED TO 
LOAD CAPACITANCE EQUAL TO 10pF 


LOAD CAPACITANCE (pF) 


(Also See Application Notes 525, 526, 556) 
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HA-5190 


DESIGN INFORMATION (continueg) 


The information contained in this section has been developed through characterization by Harris Semiconductor and is for 
use as application and design aid only. These characteristics are not 100% tested and no product guarantee is implied. 


Typical Performance Curves unless Otherwise Specified: Ta = +25°C, Vsyppy = +15V 
OUTPUT VOLTAGE SWING vs. LOAD RESISTANCE POWER SUPPLY CURRENT vs. TEMPERATURE 


24 


a q 
F E VsupPLy = + 15V 
- _ 20 
> 
est = 
16 
oO 
2 2 
7 > 12 
o a 
< o 8 
ar ” 
ro) c 
> > 4 
- 5 
z a 9 
= ~80 
rs) 


TEMPERATURE (0C) 
400 


LOAD RESISTANCE (OHMS) 


COMMON MODE REJECTION RATIO vs. FREQUENCY POWER SUPPLY REJECTION RATIO vs. FREQUENCY 


f& 120 fo 120 
Oo 
2 100 aE] = 100 = 
= in ee A SL I MICh A | 
= 80 Him <4 80 
eS) tH ) iin 
- = 
wy «60 | yy 60 ry 
rf a Posed ne iilll| i Billi 
Ww > > 
Q 40 ie roe 40 
g e a i! 
= = NEGATIVE SuPrLY} | 
20 = 20 
: : Ul] 
or 8 opaee Baill Baill iilim | 
100 10K 1MEG 100 1K 10K 1MEG 
FREQUENCY (Hz) FREQUENCY (Hz) 
SETTLING TIME TEST CIRCUIT SETTLING TIME FOR VARIOUS OUTPUT STEP VOLTAGES 
001 uF 
H, 
= 
1uF —— 5 
INPUT O 2 
OUTPUT a 
es Ww 
PROBE 5 
MONITOR w 
ae g 
< 
—s - 
= 
re) 
> 
- 
= | 
a 
= 
SETTLE 3 
POINT 
nil 0 10 20 30 40 50 60 70 80 90 100 110 
e Ay=-5 SETTLING TIME (ns) 


Load Capacitance should be less than 10pF. 


feedback and summing network ratios be matched to 0.1%. 


It is recommended that resistors be carbon composition and that 


Settle Point (Summing Node) capacitance should be less than 10pF. For 


optimum settling time results, it is recommended that the test circuit be 
constructed directly onto the device pins. A Tektronix 568 Sampling 
Oscilloscope with S-3A sampling heads is recommended as a settle point 


monitor. 
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HA-5190 


DESIGN INFORMATION (continue) 


The intormation contained in this section has been developed through characterization by Harris Semiconductor and is for 
use as application and design aid only. These characteristics are not 100% tested and no product guarantee is implied. 


Typical Applications (Also see Application Notes 525 and 526) 
SUGGESTED COMPENSATION FOR UNITY GAIN STABILITY: 
NONINVERTING 


1K]* 


R1 7509* — 1KQ* 
Vertical Scale: (Volts: 2V/Div.) Vertical Scale: (Volts: 2V/Div.) 
Horizontal Scale: (Time: 100ns/Div.) Horizontal Scale: (Time: 100ns/Div.) 


OP AMPs & 
COMPARATORS 


* Values were determined experimentally for optimum speed and settling time. R1 and C1 should be optimized for each 
particular application to ensure best overall frequency response. 


INVERTING 


Vertical Scale: (Volts: 2V/Div.) 
Horizontal Scale: (Time: 50ns/Div.) 


1K 


1K 


20022 
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HA-5190 


DESIGN INFORMATION (continueg) 


The information contained in this section has been developed through characterization by Harris Semiconductor and is for 
use as application and design aid only. These characteristics are not 100% tested and no product guarantee is implied. 


TYPICAL PERFORMANCE CHARACTERISTICS 


Device Characterized at: Supply Voltage = +15V, Ri = 2000, Ci < 100pF, Ay = 5V/V, Unless Otherwise Specified. 


Differential Input Resistance 
Input Capacitance 


Input Noise Voltage Density 


Input Noise Current Density 


Table 3 
Table 1 
+7 


Cott ees 


mA 


Applying the HA-5190 


1. POWER SUPPLY DECOUPLING: Although not absolutely 4. OUTPUT SHORT CIRCUIT: HA-5190 does not have output 


necessary, it is recommended that all power supply lines be 
decoupled with 0.01uF ceramic capacitors to ground. 
Decoupling capacitors should be located as near to the 
amplifier terminals as possible. 


short circuit protection. Short circuits to ground can be 
tolerated for approximately 10 seconds. Short circuits to either 
supply will result in immediate destruction of the device. 


5. HEAVY CAPACITIVE LOADS: When driving heavy capacitive 

2. STABILITY CONSIDERATIONS: HA-5190 is stable at gains > loads ( > 100pF) a small resistor ( ~ 100) should be 

5. Gains < 5 are covered elsewhere in this data sheet. connected in series with the output and inside the feedback 
Feedback resistors should be of carbon composition located as loop. 

near fe sne Inout seominals'as possible. 6. HEAT SINKING: Although not required for /883 qualification, 


3. WIRING CONSIDERATIONS: Video pulse circuits should be 


built on a ground plane. Minimum point to point connections 
directly to the amplifier terminals should be used. When ground 
planes cannot be used, good single point grounding techniques 


should be applied. 
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heat sinking is suggested in high ambient conditions. 
Recommended heat sinks include thermalloy #2240A or 
#2268B for TO-8 Metal Can; AAVID #5602B for 14 pin 
Ceramic DIP. Heat sinking power density may be necessary 
depending on package used to maintain Ty < +1759. 


CMOS Analog Switches 


CMOS ANALOG SWITCH DATA SHEETS PAGE 

HI-200/883 Dual SPST CMOS Analog Switch....... fun Maree era ds DA ho ees ee ee ee 4-3 

HI-201/883 Quad SPs! GMOS Analog Swien occ cccis cee dacinns cuca dvsaneenanag ee 4-13 

HI-201HS/883  HighSpeed Quad SPST CMOS Analog Switch 2.0.0... ccc cee eee eee ees 4-23 

HI-222/883 High Frequency/Video Switch 2.0... ccc ccc center ete esse eens ecesecesaese 4-34 

HI-300/883 Dual SPST CMOS Analog Switch........ ep 8g win oe s Rae RR SEES RES OEES EES 4-46 

Hi-301/883 SPDT CMOS Analog Switch ...... ore err. Te Sy a en a ee er 4-57 

Hi-302/883 Dual DPST CMOS Analog Switch.......... pice Edad Pale EAE ARR Eee Pea 4-68 

Hi-303/883 Dual SPDT CMOS Analog Switch... .........cccceen ee cennnne Siena ae wae 4-79 6 
HI-304/883 Dual SPST CMOS Analog Switch ..........5. ieseutelapeeetiawsverectageee eee =i 
HI-305/883 SPDT GMOS Analog Switch ......<cecsdcclstescccccucsscsecuvevnscensedas 4-101 26 
HI-306/883 Dual DPST CMOS Analog Switch........... eee Tee ee erry err .. = 4112 2S 
HI-307/883 Duai SPDT CMOS Analog Switch........0..ccccccecccececseceevcecseseeses 4-123 =° 
HI-381/883 Dual SPST CMOS Analog Switch....... re  Maewwans datewenweads erry ere 4-134 

H!I-384/883 Dual DPST CMOS Analog Switch....... Peer ere Pere rt ree re re seas 4-145 

HI-387/883 SPDT CMOS Analog Switch ............265. Shokedoee ye GeaeN rere err .. 4-156 

Hi-390/883 eS) ee Ge OWNCi ss ce teh ind as bane Raat bae we Oda wees eae 4-167 

HI-5040/883 SPST CMOS Analog Switch ..........0000e: errr rere Terres Sink oa wae 4-178 

H!I-5041/883 Dual SPST CMOG ANAC SWHGR ccc ccc biG ce ee ete wasewnw aes teess veaweks 4-189 

HI-5042/883 SEE TCG SPA CO SWC 64.006 Seabee eee cee ea 8408s a's eee ee Pees 4-200 
HI-5043/883 Dual SPDT CMOS Analog Switch............ akeaaeeeanes eee ee ee 4-212 

H!-5044/883 DPS CMOS ANAIOG SWHCN 6. iarde vce cess 00s Meee ews seme see : akiemie mes aneeeats 4-224 

HI-5045/883 Dual DPST CMOS Analog Switch. ..........-..2.008 ‘aatede een ieee eS aos 4-235 

HI-5046/883 DPDT CMOS Analog SWIHCh.......ssecccssersaes Seaneres Atak dae Oe by We a aed 4-247 
HI-5046A/883 SPE GNIS AGO GWUGH ac ccc ocd ea hee cea Owes ee eer ee errr ee rer er cr 4-247 

HI-5047/883 APSE CMOS Aree GCN, 5 aso ei ok eee eS oe oe Hare ae eee ae a we 4-259 
HI-5047A/883 4PST CMOS Analog Switch ......... 0c ees hs dete -w alee tae Rup ee Se ae 4-259 

HI-5048/883 Dual SGPSLEGCMOS Analog SWHCR. oo ce cece caw e eerste tet nea saa ee eee ie 4-271 

HI-5049/883 Dual DPST CMOS Analog Switch..........0.00000. METS eee Tere Ce eT ee 4-235 

HI-5050/883 SPDT CMOS Analog Switch ............. ibda eased tae Me hee ee eeeemes 4-200 

HI-5051/883 Dual SPOT CMOS Analog SWHCNs iia cc se csc c asec ce nee eee e deen ees joa sthseeass 4-212 


ABSOLUTE MAXIMUM RATINGS 
As with all semiconductors, stresses listed under “Absolute Maximum Ratings” may be 
applied to devices (one at a time) without resulting in permanent damage. This is a stress 
rating only. Exposure to absolute maximum rating conditions for extended periods may 
affect device reliability. The conditions listed under “Electrical Specifications” are the only 
conditions recommended for satisfactory operation. 
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1-200/883 


January 1989 Dual SPST CMOS Analog Switch 


Features 


e This Circuit is Processed in Accordance to Mil-Std- 
883 and is Fully Conformant Under the Provisions of 
Paragraph 1.2.1. 


Description 
H1I-200/883 is a monolithic device comprising two in- 


dependently selectable SPST switches which feature fast 
switching speeds (240ns typical) combined with low 


power dissipation (15mW typical @ +259C). 


© Low “On” ReSisStance .........c.ccersscccccenseceeseneerens 1000 Max 

e Wide Analog Signal Range vreeenineneresereneegzeteaens AON Each switch provides low “ON” resistance operation for 
e TTL/CMOS Compatible pinnsauedeveecsetuancres 2.4V (Logic ee input signal voltages up to the supply rails and for signal 
© Reina Ne Ts sissscosinwicrcerxesspusnesnsenacanssnpdeageldolomsseapebe 500ns_ currents up to 25mA continuous. Rugged DI construction 
e Analog Current Range (Continuous)... 25mA_ @liminates latch-up and substrate SCR failure modes. 


e No Latch-Up 
e Replaces DG200 


All devices provide break-before-make switching and are 
TTL and CMOS compatible for maximum application 
versatility. HI-200/883 is an ideal component for use in 
high frequency analog switching. Typical applications 
include signal path switching, sample and hold circuits, 
digital filters, and op amp gain switching networks. 


Applications 


High Frequency Analog Switching 
e Sample and Hold Circuits 
e Digital Filters 


HI-200/883 is available in a 14 pin Ceramic DIP package 


; and a 10 pin Metal Can (TO-100) package. S 
e Op Amp Gain Switching Networks mr ” 
pa ef 
pra “saab emreapeen eomracecucrare pe EC 
« s * i¢p) S 
Pinouts Functional Diagram O = 
O 


HI-200/883 (CERAMIC DIP) 
TOP VIEW 


0 INPUT 


' REFERENCE, 
LOGIC . LEVEL SHIFTER, 
INPUT AND 


DRIVER 


O OUTPUT 


HI-200/883 (METAL CAN) 
TOP VIEW 


Case Tied to V- 
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Specifications HI-200/883 


Absolute Maximum Ratings 


Voltage Between V+ and V- Terminals......... ce oie pa 40V 
SV GEICO US CAP FO) entice vce och nee aki Opaedas +20V 
Analog input Vollage 4Vs... 0... cc ces waissnnsees +VsSuUPPLy +2V 
Mr pk BES Gio soe Dec sce 0 bk -VSUPPLY -2V 
Digital Input VORAGS.FV pee ec eees erie ewer ewes +VsuppLy +4V 
=. Caeeeryrer i rere -VSUPPLY -4V 
Peak Current (S or D) 

(Pulse at ims, 10% Duty Cycle Max) ..............0000: 40mA 
Continuous Current Any Terminal (ExceptS or D) .......... 25mA 
Junction Temperature’ oo... ac ie OES, 2 +175°9C 
Storage Temperature Range ................. -65°C to +150°C 
Lead Temperature (Soldering 10 sec).............e eee <275°9C 


Thermal Information 


Thermal Resistance Bia Bic 
Ceramic DIP Package ...............+- 100°C/W 31 OCW 
Metal Can Package ................06. 122°C/W 3 37°9C/W 

Package Power Dissipation at +75°C 


Ue LI WIN oo 5 oso yin c's Bhs w vie ve ss 00, 35 wie 0.76W 
BATE CO) ECD oi voir ac os vicac'c puieWa vue be meccdecvdl 0.62W 
Package Power Dissipation Derating Factor Above +75°C 
Ceramic DIP Package... ps -ccusscccscccppeswcs 10.08mW/°C 
WMI ett ORES ice, coe oc oe ees ie eer ohn oe 8.24mW/°C 


CAUTION: Absolute maximum ratings are limiting values, applied 
individually, beyond which the serviceability of the circuit may be impaired. 
Functional operability under any of these conditions is not necessarily 
implied. 


Recommended Operating Conditions 


Operating Temperature Range ............... -55°C to +125°C 
Operating Supply Voltage (+VSUPPLY) SAN éws wahtoedble Cale Be +15V 
ANSIOG Infut VONAGE (V8)... cdiweccescccccsdensts +VSUPPLY 


Logic Low Level (Val) 0. .s:cceiewarewss oawaeceeee tess OV to 0.8V 
Logic High Level (VA is) « » no cnsdince sido, ome <8 © 2.4V to +VSUPPLY 


TABLE 1. D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 


Device Tested at: +VsuppLyY = +15V, -VsuPPLY = 


Switch “ON” 
Resistance 


Source “OFF” 
Leakage Current 


Vp = +14V, Vs = -14V 


Vp = -14V, Vs = +14V 


Drain “OFF” 
Leakage Current 


Vp = +14V, Vg = -14V 


Vp = -14V, Vs = +14V 
Vp = Vs = +14V, Va = 0.8V 


Channel “ON” 
Leakage Current 


Vp = Vs = -14V 
Vp = Vs = -14V, Va = 0.8V 


Vp = Vs = +14V 


Low Level Input 
Current 


Supply Current 


Supply Current 


All Unused Channels Va = 0.8V 


Va = 0.8V, Vs =-10V, Ip = 1mMA 
All Unused Channels Va = 0.8V 


Vs = +14V, Vp = -14V, Va = 2.4V 


All Unused Channels Va = 2.4V, 


Vs = -14V, Vp = +14V, Va = 2.4V 
All Unused Channels Va = 2.4V, 


Vp = -14V, Vg = +14V, Va = 2.4V 
All Unused Channels Va = 2.4V, 


Vp = +14V, Vs = -14V, Va = 2.4V 
All Unused Channels Va = 2.4V, 


All Unused Channels Va = 0.8V, 


All Unused Channels Va = 0.8V, 


VAL = 0.8V 
All Unused Channels Va = 2.4V 
High Level Input VAH = 2.4V 
Current All Unused Channels Va = 2.4V 
+Ioc All Channels Va = OV 
All Channels Va = 3V 
-lcc All Channels Va = OV 
All Channels Va = 3V 


CAUTION: These devices are sensitive to electrostatic discharge. Proper |.C. handling procedures should be followed. 


-15V, VRer = OPEN, GND = OV, Unless Otherwise Specified 


D.C. GROUP A 
PARAMETERS | SYMBOL CONDITIONS SUBGROUPS | TEMPERATURE 


Va = 0.8V, Vs = 10V, Ip = -1mA 


Tee 


UNITS 


PS) 


-559C to +125°9C 
-55°C to +125°9C 


PS) 


A 


-, 
> 


=] 
> 


= 


= | 


PPP BPE Le lel lst] b sb -f le 


A 


> 


3 
> 
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HI-200/883 


TABLE 2. A.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 


Device Tested at: +VsuppLty = +15V, -VsuPPLY = -15V, VREF = OPEN, GND = OV, Unless Otherwise Specified 
GROUP A 


LIMITS 
PARAMETERS SYMBOL CONDITIONS SUBGROUPS | TEMPERATURE | min, | MAX | UNITS 


Tun“oN'Time | ON 8 | ee eee te 
Oe ee A ae ee 
eee ee, ee 
ae’ 3 } -559C, +125°C | | - | 650 | ns | 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (NOTE 1) 


Turn “OFF” Time 


Device Characterized at: +VsuppLy = +15V, -VsSuPPLY = -15V, VREF = OPEN, GND = OV 


LIMITS 
PARAMETERS SYMBOL CONDITIONS NOTE | TEMPERATURE | min. | MAX UNITS 


Switch Input Cs(OFF) | f= 1MHz, Vay = 5V +259C pF 

Capacitance Measure Input to Ground 

Switch Output CD(OFF) f = 1MHz, VAH = 5V 
Measure Output to Ground 


Capacitance 


f = 200kHz, Va = 2.4, Ry = 1K 
VGEN = 1Vp-p, CL = 10pF 


f = 200kHz, Va = 2.4, RL = 1K 
VGEN = 1Vp-p, CL = 10pF 


NOTE 1. Parameters listed in Table 3 are controlied via design or process parameters and are not directly tested at final production. These parameters are lab 
characterized upon initial design release, or upon design changes. These parameters are guaranteed by characterization based upon data from 
multiple production runs which reflect lot to lot and within lot variation. 


TABLE 4. ELECTRICAL TEST REQUIREMENTS 


[einecrclraaneentresny 


* PDA applies to Subgroup 1 only. 


CMOS ANALOG 
SWITCHES 


HI-200/883 


Test Circuits 
INPUT LEAKAGE CURRENT ID(OFF) ~ IS(OFF) 


SUPPLY CURRENTS CHARGE TRANSFER ERROR 


STEP 
GENERATOR 


STEP 
GENERATOR 
(SEE NOTE) 


CROSSTALK 
Rps OFF CHANNEL ISOLATION BETWEEN CHANNELS 


SINE WAVE 
GENERATOR 


SINE WAVE 
GENERATOR 


-15v GND 


For Detail Information Refer to HI-200/883 Test Tech Brief 
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H!-200/883 


Switching Waveforms 


O +10V 


-15V 


OUTPUT 


RISE TIME 


FALL TIME 


Vin? 4.0V 
DIGITAL 
INPUT 


Vii? 0.0V 


CONDITION SWITCH 
A OUTPUT 
ov 


OV 


CONDITION 
B 
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CMOS ANALOG 
SWITCHES 


HI-200/883 


Burn-In Circuits 


HI-200/883 CERAMIC DIP 


O) V+ 


V-O R2 


HI-200/883 METAL CAN (TO-99) 


NOTES: 

Ry = Ro = 10k 

C1 = Co = 0.01yF (per socket) or 0.1 uF (per row) 
Dy = Dp = IN4002 or Equivalent 

| (V+) - (V-) |= 30Vv 
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HI-200/883 


Schematic Diagrams TTL/CMOS REFERENCE CIRCUIT 


| |VREF 


VEL 


GNO| | 


SWITCH CELL 


>| 


SWITCHES 


CMOS ANALOG 


OUTPUT 


OUTPUT 


HI-200/883 


Die Characteristics 


DIE DIMENSIONS: 
54 x 79 x 19 mils 


METALLIZATION: 
Type: Aluminum 
Thickness: 16kA + 2kA 


GLASSIVATION: 
Type: Nitride over Silox 
Silox Thickness: 12kA + 2kA 
Nitride Thickness: 3.5kA + 1kA 
DIE ATTACH: 
Material: Gold/Silicon Eutectic Alloy 
Temperature: Ceramic DIP — 460°C (Max) 
Metal Can — 420°C (Max) 
WORST CASE CURRENT DENSITY: 
2 x 10°A/cm2 at 25mA 


Metallization Mask Layout 


H1-200/883 


IN 1 


OUT 1 


HI-200/883 


Packaging* 
14 PIN CERAMIC DIP 


Bg 


.785 
.005 MIN 
i 


LEAD MATERIAL: Type B 
LEAD FINISH: Type A 
PACKAGE MATERIAL: Ceramic, 90% Alumina 
PACKAGE SEAL: 
Material: Glass Frit 
Temperature: 450°C + 109°C 
Method: Furnace Seal 


10 PIN METAL CAN 


505 
560 


335 321 
375 325 


| 


.150 MIN 
-.098 MAX 


* INCREASE MAX LIMIT BY .003 INCHES 
MEASURED AT CENTER OF FLAT FOR 
SOLDER FINISH 


INTERNAL LEAD WIRE: 

Material: Aluminum 

Diameter: 1.25 Mil 

Bonding Method: Ultrasonic 
COMPLIANT OUTLINE: 38510 D-1 


CMOS ANALOG 
SWITCHES 


* Maximum Limits are Increased by 0.003 inches for Solder Dip Finish. 


LEAD MATERIAL: Type A 
LEAD FINISH: Type C 
PACKAGE MATERIAL: Kovar Header with Nickel Can 
PACKAGE SEAL: 
Material: No Seal Material 
Temperature: Room Temperature 
Method: Resistance Weld 


NOTE: Ali Dimensions are wid , Dimensions are in inches. 
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INTERNAL LEAD WIRE: 

Material: Aluminum 

Diameter: 1.25 Mil 

Bonding Method: Ultrasonic 
COMPLIANT OUTLINE: 38510 A-2 


t Mil-M-38510 Compliant Materials, Finishes, and Dimensions. 


i HARRIS HI-200 


DESIGN INFORMATION 


Dual SPST CMOS Analog Switch 


The information contained in this section has been developed through characterization by Harris Semiconductor and is 
for use as application and design data only. No guarantee is implied. 


Typical Performance Characteristics Uniess Otherwise Specified: Ta = +259C, VgyppLy = £15V 
VAH=2.4V, VaL=0.8V, VREF=Open 


ON RESISTANCE vs. ANALOG SIGNAL LEVEL AND 
POWER SUPPLY VOLTAGE LEAKAGE CURRENT vs. TEMPERATURE 


eee 

ial icik 
BA 

A 

Ee, 


fe 


al 


ON RESISTANCE - Ohms 


ui 
WE LTD 


= 
Ms 
= 
= 
c 
=~ 
i) 
ANALOG SIGNAL LEVEL - VOLTS 
ON RESISTANCE vs. TEMPERATURE 10 


86 Sena aesrena 
69 Vin = 0V a | 


TTR 
CHES 


Fa 
Sele — 
» §0 = a 
ui 
o 
= 4 ' =. _ 
oc 30 — — 0.1 
c 
ee | ae eee ee as 
oe > *. =. “f 50 7: 100 125 
TEMPERATURE 
ee 22 
-50 ~-25 0 +25 +50 +75 +100 +125 
AMBIENT TEMPERATURE - oC 


OFF ISOLATION vs. FREQUENCY SWITCH CURRENT vs. VOLTAGE 


Tn co co 
iA 
OB 0 SOEL 


<x 
100 seul < 
= BAB SII | 60 
< ce 
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Cuil 

att ian OT | 
PT tite ai 
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PE TT PT 


0 
100Hz 1kHz 10kHz 100kHz 1MHz 0 
FREQUENCY - Hz 


VOLTAGE ACROSS SWITCH - VOLTS 
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Go HARRIS 


Hi-201/883 


January 1989 Quad SPST CMOS Analog Switch 


Features 


® This Circuit is Processed in Accordance to Mil-Std- 
883 and is Fully Conformant Under the Provisions of 
Paragraph 1.2.1. 


Low “On” Resistance 

Wide Analog Signal Range 

TTL/CMOS Compiatible.........ccccccssesesees 2.4V (Logic “1”) 
Turn-On Time 

Analog Current Range (Continuous) 

No Latch-Up 

Replaces DG201 


Applications 


High Frequency Analog Switching 
Sample and Hold Circuits 

Digital Filters 

Op Amp Gain Switching Networks 


Pinouts 


H1-201/883 (CERAMIC DIP) 
TOP VIEW 


Description 


H1I-201/883 is a monolithic device comprising four in- 
dependently selectable SPST switches which feature fast 
switching speeds (185ns typical) combined with low 
power dissipation (15mW typical @ +259C). 


Each switch provides low “ON” resistance operation for 
input signal voltages up to the supply rails and for signal 
currents up to 25mA continuous. Rugged DI construction 
eliminates latch-up and substrate SCR failure modes. 


All devices provide break-before-make switching and are 
TTL and CMOS compatible for maximum application 
versatility. HI-201/883 is an ideal component for use in 
high frequency analog switching. Typical applications 
include signal path switching, sample and hold circuits, 
digital filters, and op amp gain switching networks. 


H1-201/883 is available in a 16 pin Ceramic DIP package 
and a 20 pin LCC package. 


Functional Diagram 


+V VREF 


REFERENCE, 
LEVEL SHIFTER, 
AND 
DRIVER 
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CMOS ANALOG 
SWITCHES 


Specifications HI-201/883 


Absolute Maximum Ratings Thermal Information 
Voltage Between V+ and V- Terminals. .............eeee eee 40V Thermal Resistance Bia Vic 
ZV SUPPLY tO GROURt ts Ve) ie aso 5.cee e samiies ess eng +20V Ceramic DIP Package ...............-. 86°C/W = 229C/W 
Analog Input Voltage +VS...... 06. e cece cece ee +VsupPPLy +2V Ceramic LCC Package .........-.+.+5: 84°C/W 924°C /W 
SSO Ah ct eee -VsyppLy -2V Package Power Dissipation at +75°C 
Digital Input Voltage +VA Re a eae en ee eee +VsyPPLY +4V Ceramic Be CUE So iia ven y bbb 6b 0 ase eb ae 0.88W 
<< eeipeaer ee -VsuppLy -4V GCGRaiiig lets PAONOGO vis oe ies x Hsien welde she's «obi a wees 0.9W 
ates os ae Package Power Dissipation Derating Factor Above +75°9C 
Peak Current (S or D) : 
a ee <i Did CuclaMe ee Coramintit FACKSORs os eels s ww ces ns eee ees 11.76mW/9C 
( mg iiieuab teks fale Ares Bh sraansag oy reat id CéramicL CC Paciaige:...3 6. oi. L:venasie .2i th 12.0mW/°C 
Continuous Current Any Terminal (ExceptS orD).......... 25mA i : actin 
Junction Temperature 41750C CAUTION: Absolute maximum ratings are limiting values, applied 
Ao: de aitys rieee eke ciioestie ot individually, beyond which the serviceability of the circuit may be impaired. 
Storage Temperature Range ............0.05- -65°C to+150°C Functional operability under any of these conditions is not necessarily 
Lead Temperature (Soldering 10 sec).............00 000 <275°C _ implied. 


Recommended Operating Conditions 


Operating Temperature Range ............... qecG towicolG. Lodigl ew Level (Vat) <5 os. s<69 seeks neds sn cdenpeetes OV to 0.8V 
Operating Supply Voltage (EVSUPPLY)--- +--+ eee cree eee ees S15 - LOG Pio LOVOU VAL) casas casks ee escerewa ue 2.4V to +VSUPPLY 


Analog input VONaGS IVS). <5 cscs. devices cess od +VSUPPLY 


TABLE 1. D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 
Device Tested at: +VsSuppLy = +15V, -VsuppLy = -15V, VREF = OPEN, GND = OV, Unless Otherwise Specified 


LIMITS 
D.C. GROUP A 
PARAMETERS | SYMBOL CONDITIONS SUBGROUPS | TEMPERATURE | MIN | MAX | UNITS 
RpDs 


Switch “ON” Va=0aYVg=10Vp=-1ma | 1 | asec |= | 70 |_| 


Resistance All Unused Channels Va = 2.4V -550C to +1259C es Se ea ee 
1 


Leakage Current All Unused Channels Va = 2.4V, 
All Unused Channels Va = 2.4V, 
nA 


Drain “OFF” IDIOFF) | Vp =-14V, Vg = +14V, Va = 2.4V PS aZ 2 
Leakage Current All Unused Channels Va = 2.4V, 
Vp = +14V, Vs = -14V 
Vp = +14V, Vs = -14V, Va = 2.4V 


All Unused Channels Va = 2.4V, 

Vp =-14V, Vs = +14V -559C to +125°C 
Channel “ON” Vp = Vs = +14V, Va = 0.8V +25°C 
Leakage Current All Unused Channels Va = 0.8V, 


Vp = Vs =-14V, Va = 0.8V 
All Unused Channels Va = 0.8V, 
Vp = Vs =+14V 


+25°9C 


Low Level Input IAL 
Current All Unused Channels Va = 2.4V 
Supply Current +Iloc All Channels Va = 0.8V 
All Channels Va = 2.4V +259C, +125°9C 
So 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
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HI-201/883 


TABLE 2. A.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 
Device Tested at: +VsuppLy = +15V, -VsuPPLY = -15V, VReF = OPEN, GND = OV, Unless Otherwise Specified 


LIMITS * 
GROUP A 
PARAMETERS SYMBOL CONDITIONS TEMPERATURE 


suscnours Tan] wax] uners 
Ru = 1kN 

see are. ae | 
fea al Oe i ME a 
| 0:71 | -seec,esze00 | - | eto] no) 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (NOTE 1) 


Turn “OFF” Time Cy = 100pF 


Ru = 1kN 


Device Characterized at: +VsyppLiy = +15V, -VsuPPLY = -15V, VReF = OPEN, GND = OV 
LIMITS 


PARAMETERS SYMBOL CONDITIONS NOTE | TEMPERATURE } MIN | MAX | UNITS 


Switch Input Cs(OFF) | f= 1MHz, VaH =5V 1 +25°9C pF 
Capacitance Measure Input to Ground 
Switch Output Cp(OFF) | f= 1MHz, VaAH = 5V +25°C 
Capacitance Measure Output to Ground 
CD(ON) f = 1MHz, Va, = OV +25°9C 
Measure Output to Ground 
Drain to Source f = 1MHz, Vay = 5V +25°9C 
Capacitance 


Cps 
Off Isolation Viso f = 200kHz, Va = 2.4, Ry = 1K +259C 
VGEN = 1Vp-p, CL = 10pF 
Crosstalk VCT f = 200kHz, Va = 2.4, RL = 1K +25°9C 
VGEN = 1Vp-p, CL = 10pF 
Charge Transfer VCTE f = 200kHz, Va =O to 4V +25°9C 
Error Cy = 0.01 pF 


NOTE 1. Parameters listed in Table 3 are controlled via design or process parameters and are not directly tested at final production. These parameters are lab 
characterized upon initial design release, or upon design changes. These parameters are guaranteed by characterization based upon data from 
multiple production runs which reflect lot to lot and within lot variation. 


TABLE 4. ELECTRICAL TEST REQUIREMENTS 


MIL-STD-883 TEST REQUIREMENTS SUBGROUPS (SEE TABLES 1 & 2) 
Interim Electrical Parameters (Pre Burn-in) ie eS eee 
Final Electrical Test Parameters t*, 2, 3, 9, 10, 11 


Group A Test Requirements 1, 2, 3, 9, 10, 11 


* PDA applies to Subgroup 1 only. 
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CMOS ANALOG 
SWITCHES 


H!I-201/883 


IS(OFF) 


Test Circuits 
INPUT LEAKAGE CURRENT ID(OFF) 


*VCC 


CHARGE TRANSFER ERROR 


ID(ON) SUPPLY CURRENTS 


+15V 
STEP ° STEP 
GENERATOR 
(SEE NOTE) 


GENERATOR 
(SEE NOTE) 
TEST 2 


CROSSTALK 
BETWEEN CHANNELS 


Rps OFF CHANNEL ISOLATION 


SINE WAVE SINE WAVE 
GENERATOR : ° GENERATOR 


-15V GND 


For Detail Information Refer to HI-201/883 Test Tech Brief 


HI-201/883 


Switching Waveforms 


PULSE 
GENERATOR 
(SEE NOTE 1) 


5 
e e i 0 
J 2 < = 
as) 
. J | < hae 
O OUTPUT 4 > 
Ss ” 

YO 

RL CL 


RISE TIME 


FALL TIME 


Vin = 4.0V 


DIGITAL 
INPUT 


Vit = 0.0V 


CONDITION SWITCH 
A OUTPUT 
ov 
ov 
CONDITION 
B 
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HI-201/883 


Burn-In Circuits 


HI-201/883 CERAMIC DIP 


oS fo aaa 


— (SEE NOTE) 


"aT "ae 


(SEENOTE) “—<— 


R4 R3 


HI-201/883 CERAMIC LCC 


™N 
: rare : 


o ee ae 
C1 D2 
(SEE NOTE) 


r 
| = 
D4 C2 
. (SEE NOTE) 
HET 
ies 
og 
8 50}, gees 
— Pere ere fF) 
= 19t o10e €118 0126 0138 
Tepid 
~ 
a 
oS 


R3 R4 


NOTES: 

Ry = Ro = Rg = Rg = 10kN 

Cz = Co = 0.01 pF (per socket) or 0.1 uF (per row) 
D1 = Dg = IN4002 or Equivalent/Board 

| (V+) + (V-) | = 30V 


HI-201/883 


Schematic Diagrams 


TTL/CMOS REFERENCE CIRCUIT 


CMOS ANALOG 
SWITCHES 


4-19 


HI-201/883 


Die Characteristics 


DIE DIMENSIONS: 
81 x 85 x 19 mils 
METALLIZATION: 
Type: Aluminum 
Thickness: 16kA + 2kA 
GLASSIVATION: 
Type: Nitride over Silox 
Silox Thickness: 12kA + 2kA 
Nitride Thickness: 3.5kA + 1kA 
DIE ATTACH: 
Material: Gold/Silicon Eutectic Alloy 
Temperature: Ceramic DIP — 460°C (Max) 
Ceramic LCC — 420°C (Max) 
WORST CASE CURRENT DENSITY: 
2 x 109A/cm2 at 25mA 


Metallization Mask Layout 


H1-201/883 


OUT 1 OUT 2 
IN 1 IN 2 
V+ 
y- 
GND 
VREF 
IN 4 IN 3 
OUT 4 OUT 3 


HI-201/883 


Packaging' 
16 PIN CERAMIC DIP 


753 

785 140 ane 
005 MIN -170 | 285 | 
} | a ek ee 


.015 


* INCREASE MAX LIMIT BY .003 INCHES 
MEASURED AT CENTER OF FLAT FOR 


SOLDER FINISH 
LEAD MATERIAL: Type B INTERNAL LEAD WIRE: 
LEAD FINISH: Type A Material: Aluminum 
PACKAGE MATERIAL: Ceramic, 90% Alumina Diameter: 1.25 Mil 
PACKAGE SEAL: Bonding Method: Ultrasonic 
Material: Glass Frit COMPLIANT OUTLINE: 38510 D-2 


Temperature: 450°C + 109°C 
Method: Furnace Seal 


20 PAD CERAMIC LCC 


.003 .075 


-342 
.358 


PAD MATERIAL: Type C INTERNAL LEAD WIRE: 

PAD FINISH: Type A Material: Aluminum 

FINISH DIMENSION: Type A Diameter: 1.25 Mil 

PACKAGE MATERIAL: Multilayer Ceramic, 90% Alumina Bonding Method: Ultrasonic 
PACKAGE SEAL: COMPLIANT OUTLINE: 38510 C-2 


Material: Gold/Tin (80/20) 
Temperature: 320°C + 10°C 
Method: Furnace Braze 


Min 


NOTE: All Dimensions are 
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ale 


, Dimensions are in inches. t Mil-M-38510 Compliant Materials, Finishes, and Dimensions. 


CMOS ANALOG 
SWITCHES 


i HARRIS 


DESIGN INFORMATION 


Hi-201 


Quad SPST CMOS Analog Switch 


The information contained in this section has been developed through characterization by Harris Semiconductor and is 
for use as application and design aid only. No guarantee is implied. 


Typical Performance Characteristics unless Otherwise Specified: Ta = +25°C, VsyppLy = +15V 
VAH = 2.4V, VaL = 0.8V, Vper = Open 


ON RESISTANCE vs. ANALOG SIGNAL LEVEL AND 
POWER SUPPLY VOLTAGE LEAKAGE CURRENT vs. TEMPERATURE 


100 
ae eae ae 


CC ee 
bah cee 
ewe 


100 


V+ =+15V 
By ee a es ee 


a 


Is(OFF)/ID(OFF) 


ON RESISTANCE - Ohms 


— 
i) 


CURRENT -nA 


-15 -10 -5 
ANALOG SIGNAL LEVEL - VOLTS 


ON RESISTANCE vs. TEMPERATURE 


+250C +50°C +7§0C +1000C +1250C 
TEMPERATURE 


ON RESISTANCE - Ohms 


AMBIENT TEMPERATURE - °C 


OFF ISOLATION vs. FREQUENCY SWITCH CURRENT vs. VOLAGE 


thal 4 
root tT ONAL PT 
TL a a 
oot UT = tke SNS TTT 
a | ail 


OFF ISOLATION - dB 


SWITCH CURRENT - mA 


All 
aot UT 
a 


100Hz 1kHz 10kHz 100kHz 1MHz 
FREQUENCY - Hz 


VOLTAGE ACROSS SWITCH - VOLTS 
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w HARRIS #HJ-201HS/883 


High Speed Quad SPST 


January 1989 CMOS Analog Switch 


Features 


¢ This Circuit is Processed in Accordance to Mil-Std- 
883 and is Fully Conformant Under the Provisions of 
Paragraph 1.2.1. 


Description 


HI-201HS/883 is a monolithic CMOS Analog Switch featur- 
ing very fast switching speeds and low ON resistance. This 
integrated circuit consists of four independently selectable 


e Low “ON” Resistance .....ccccccccccccecee 502 Max SPST switches and is pin compatible with the industry 
e Wide Analog Signal Range ............2se.eee: +16y oe Bee Seen. 

© TAH Ort TUNG since cca dae ie cae ccwiededeveiaias 50ns_ Fabricated using silicon-gate technology and the Harris 
° Analog Current Range (Continuous) .......... 25mA dielectric isolation process, this TTL compatible device 


¢ TTL/CMOS Compatible 
® No Latch-Up 
e Pin Compatible with Standard HI-201 


Applications 


¢ High Speed Multiplexing 

e High Frequency Analog Switching 
¢ Sample and Hold Circuits 

e Digital Filters 

e Op Amp Gain Switching Networks 
e Integrator Reset Circuits 


offers improved performance over previously available 
CMOS analog switches while eliminating the problem of 
latch-up associated with other fabricated processes. 
Featuring maximum switching times of 50ns, low ON 
resistance of 50Q maximum, and a wide analog signal 
range, the HI-201HS/883 is designed for any military appli- 
cation where improved switching performance, particularly 
switching speed, is required. (A more detailed discussion 
on the design and application of the HI-201HS/883 can be 
found in Application Note 543). 


The HI-201HS/883 is available in a 16 pin Ceramic DIP 
package and a 20 pin LCC package. The HI-201HS/883 is 
specified over the temperature range of -559C to +1259C. 


Pinouts 


HI1-201HS/883 (CERAMIC DIP) 
TOP VIEW 


LOGIC | SWITCH 


TOP VIEW 


Functional Diagram 


© INPUT 
Fay 


LEVEL al 
AND al 


LOGIC o 
INPUT 


© OUTPUT 
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CMOS ANALOG 
SWITCHES 


Specifications HI-201HS/883 


Absolute Maximum Ratings 


Voltage Between V+ and V- Terminals...................00. 36V 
2Veuprey io Ground. (V+, Vz) o.cciswh bi gas svccsescdecsees +18V 
AN@lOg INPULWONRGS EVG. oe cece sc estecs sts +VSUPPLY +2V 
AWG ES wt BP oBee nae ss set ee -VSUPPLY -2V 
Digiiat INDUEVONGGG TVA occ sc sacckrstennensn +VsupPPLy +4V 
PMR co Wb nsareis me ee nd ox a Pae ne -VSUPPLY -4V 

Peak Current (S or D) 

(Pulse at 1ms, 10% Duty Cycle Max) ..........ecceeeees 50mA 
Continuous Current Any Terminal (ExceptS or D).......... 25mA 
JUSCTRON: TRIER - at as 2S nes nok sca os awk tcc +1759C 
Storage Temperature Range ................. -65°C to +150°C 
Lead Temperature (Soldering 10 sec)............00e0ee <275°C 


Thermal Information 


Thermal Resistance Bia Bic 
Ceramic DIP Package ..............6.. 759C/W169C/W 
Ceramic LCC Package ................ 76°C/W 19°C /W 

Package Power Dissipation at +759C 
ie ee I aor ae din cevin 0d ww vcoay ba Wada whee 1.0W 
MPIC TAGs PGK OOG Ss oc i bc ic ms ocd Goose ou desc seks 0.99W 

Package Power Dissipation Derating Factor Above +75°C 
Ceramic DIP Package co. ccc cu cwccckecceecsuc 13.36mW/°C 
Ceramic LCC Package ...........ccccceccccuces 13.12mW/°C 


CAUTION: Absolute maximum ratings are limiting values, applied 
individually, beyond which the serviceability of the circuit may be impaired. 
Functional operability under any of these conditions is not necessarily 
implied. 


Recommended Operating Conditions 


Operating Temperature Range ............... -559C to +125°C 
Operating Supply Voltage (ELVSUpPPLY)..-... ee eee cece ee eee +15V 
Analog Input Voltage (Vg)... 62 cece ccc se ccs w cence +VSUPPLY 


Logic Low. Level (Vai )3inonidsidi tea ea Gee BSED OV to 0.8V 
Logic HIgh Level (Vata) ooo... es divemanepacas 3.0V to +VsuppPLy 


TABLE 1. D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 
Device Tested at: +VsuppLy = +15V, -VsyuppLy = -15V, GND = OV, Unless Otherwise Specified 


CONDITIONS 


D.C. 
PARAMETERS |SYMBOL 


Switch “ON” 
Resistance 


VAL = 0.8V, Vs = 10V, Ip = -1m“* 


All Unused Channels Va; = 0.8V 


VAL = 0.8V, Vs =-10V, Ip = 1mA 
All Unused Channels Va; = 0.8V 


Source “OFF” 
Leakage Current 


IS(OFF) 


Vp = +14V, Vg = -14V 


Vp = -14V, Vs = +14V 


Drain “OFF” 
Leakage Current 


ID(OFF) 


Vp = +14V, Vs = -14V 


Vp = -14V, Vs = +14V 
Vp = Vs = +14V, Vat = 0.8V 
All Unused Channels Va, = 0.8V, 
Vp = Vs =-14V 
Vp = Vs =-14V, VaL = 0.8V 
All Unused Channels Va; = 0.8V, 
Vp = Vs =+14V 


Channel “ON” 
Leakage Current 


ID(ON) 


Low Level Input IAL 
Current 

High Level Input 
Current 


Supply Current 


+loc 


Supply Current me | 


Vs = +14V, Vp = -14V, Vay = 3.0V 
All!’1used Channels Vay = 3.0V, 


Vs = -14V, Vp = +14V, Vay = 3.0V 
All Unused Channels Vay = 3.0V, 


Vp = -14V, Vs = +14V, Vay = 3.0V 
All Unused Channels Vay = 3.0V, 


Vp = +14V, Vs = -14V, VaH = 3.0V 
All Unused Channels Vay = 3.0V, 


VAL = 0.8V 
All Unused Channels Vay = 4.0V 
IAH VAH = 4.0V 
All Unused Channels Va; = 0.8V 
All Channels Va, = 0.8V 5 
All Channels Vay = 3.0V 
All Channels Va, = 0.8V 


All Channels Vay = 3.0V 2 


LIMITS 


GROUP A 


SUBGROUPS | TEMPERATURE UNITS 


+25°C 
-559C to +1259C 

+25°9C 
-55°9C to +1259C 

+25°9C 


“N 
oO 


-10 A 


= | 


-559C to +1259C 
+25°9C 


os 
> 


aN N 
oa 


-55°C to +125°9C 
+25°9C 


oO 
= 
> 


-559C to +125°9C 
+25°9C 


=| 
> 


-559C to +125°C 
+25°9C 


3 
> 


-55°C to +125°C 
+25°9C 


| 
_ 


wh 


_ 
fe) 
(2) 


-55°C to +125°C 
+25°C 
-559C to +1259C 
+25°9C 
-559C to +125°C 
+25°9C, +125°9C 
-55°C 
+25°9C, +125°9C 
-55°C 
+259C, +125°9C 
-55°C 
+25°C, +125°C 
-55°C 


a 
> 


= 


Houuouoooas 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
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HI-201HS/883 


TABLE 2. A.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 
Device Tested at: +Vsuppiyy = +15V, -VsupPLy = -15V, GND = OV, Unless Otherwise Specified 


. LIMITS 
TEMPERATURE | min, | MAX UNITS 
eee ee a 


GROUP A 
SUBGROUPS 


PARAMETERS SYMBOL CONDITIONS 


CL = 35pF, RL = 1k 
VAH = 3.0V, Vat = 0.8V 


Turn “ON” Time 


EE 


10, 11 -55°C, +125°C Fires 
ae ee 
“ese, 12500 | | 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (NOTE 1) 


Cy = 35pF, Ry = 1kN 
VAH = 3.0V, VaL = 0.8V 


Turn “OFF” Time 


Device Characterized at: +Vsyppyy = +15V, -VsupPLy = -15V, GND = OV 


LIMITS 
PARAMETERS SYMBOL CONDITIONS NOTE TEMPERATURE | MIN 
: 


| 


Address Capacitance 


Switch Input 
Capacitance 


f= 1MHz, Vat = OV 


f = 1MHz, VAH = 5V 
Measure Input to Ground 


Switch Output CD(OFF) f = 1MHz, VAH = 5V 
Capacitance Measure Output to Ground 
CD(ON) f = 1MHz, Vat = OV 1 +259C 
Measure Output to Ground 


CS(OFF) 


oO 


SWITCHES 


Drain to Source 
Capacitance 


CMOS ANALOG 


Off Isolation 


Viso | f= 100kHz, Va = 3.0, RL = 1K 1 


VGEN = 1Vp-p, CL = 10pF 


Crosstalk VoT f = 100kHz, Va = 3.0, RL = 1K 


VGEN = 1Vp-p, CL = 10pF 


Charge Transfer 
Error 


VCTE Ry = 1K, Cy = 0.01 pF 


+ 
Le] 
oO 
E 


NOTE 1. Parameters listed in Table 3 are controlled via design or process parameters and are not directly tested at final production. These parameters are lab 
characterized upon initial design release, or upon design changes. These parameters are guaranteed by characterization based upon data from 
multiple production runs which reflect iot to lot and within lot variation. 


TABLE 4. ELECTRICAL TEST REQUIREMENTS 


ee 
a 


* PDA applies to Subgroup 1 only. 
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Test Circuits 
INPUT LEAKAGE CURRENT 


+Vcc 


Rps 


HI-201HS/883 


ID(OFF) 


IS(OFF) 


+Vcc 


SUPPLY CURRENTS 


CHARGE TRANSFER ERROR 


STEP 
GENERATOR 
(SEE NOTE) 


STEP 
GENERATOR 
(SEE NOTE) 


NOTE: 


The pulse generator has the following 
characteristics: VGgey = 0 to 3V, rise time < 
20ns, fall time <= 20ns, PRR = 100kHz. 


CROSSTALK 


OFF CHANNEL ISOLATION BETWEEN CHANNELS 


+15V 
* 


SINE WAVE 
GENERATOR 
(SEE NOTE) 


NOTE: 


The pulse generator has the following 


characteristics: VGEN = 1Vp-p, frequency = 
100kHz. 


See Test Tech Brief For Additional Information 
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HI-201HS/883 


Switching Waveforms 


PULSE 
GENERATOR 
(SEE NOTE 1) 


O 
© OUTPUT RL=1KQ2 +5% ° vn 
CL=35pF +5% <r 
Includes Wiring and Probe Capacitance s Y 
RL CL H= 
0% 

= 

oO 

GND 


NOTES: 1. The pulse generator has the following characteristics: 
VGEN = 3.0V, tTHL S 20ns. 


2. See Table 2 for complete terminal conditions. 


FALL TIME RISE TIME 


ViH = 3.0V 


DIGITAL 
INPUT 


OUTPUT 
OV 


OV 


CONDITION SWITCH 
A 


CONDITION 
B 


NOTE: Rise time and fall time < 20ns 
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HI-201HS/88&3 


Burn-I/n Circuits 


HI-201HS/883 CERAMIC DIP 


NOTES: 

R = 10KQ, 5%, 1/4 or 1/2W 

Cz = Co = 0.1uF (one per row) or .01uF (one per socket) 
D1 = Dg = IN4002 or equivalent (one per board) 

| (V+) - (V-) | = 30V 


HI-201HS/883_ CERAMIC LCC 
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HI-201HS/88&3 


Schematic Diagrams 
REFERENCE/LEVEL SHIFTER 


; Eee eee 


aee 1x4 


= 
= 
Eeas 
P) 


1 1X2 1 


x 


SWITCHES 


SWITCH CELL 


CMOS ANALOG 
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HI-207HS/8&83 


Die Characteristics 


DIE DIMENSIONS: 
92 x 111 x 19 mils 


METALLIZATION: 
Type: Aluminum 
Thickness: 16kA + 2kA 
GLASSIVATION: 
Type: Nitride 
Thickness: 7kA + 0.7kA 
DIE ATTACH: 
Material: Gold/Silicon Eutectic Alloy 
Temperature: Ceramic DIP — 460°C (Max) 
Ceramic LCC — 420°C (Max) 
WORST CASE CURRENT DENSITY: 
4.5 x 10°A/cm2 at 25mA 
This device meets’ Glassivation Integrity Test 
requirement per Mil-Std-883 Method 2021 and 
Mil-M-38510 paragraph 3.5.5.4. 


Metallization Mask Layout 


HI-201HS/883 


Al A2 


= 
15 OUT2 


HI-201HS/883 


Packaging* 


16 PIN CERAMIC DIP 


753 
.785 140 
.005 MIN 170 
Be ite Ves Uae teeraes Phy ore 


.200 MAX 
.015 
-060 
0° 
125 15 
180 
« INCREASE MAX LIMIT BY .003 INCHES 
MEASURED AT CENTER OF FLAT FOR 
SOLDER FINISH 
LEAD MATERIAL: Type B INTERNAL LEAD WIRE: 
LEAD FINISH: Type A Material: Aluminum 
PACKAGE MATERIAL: Ceramic, 90% Alumina Diameter: 1.25 Mil 
PACKAGE SEAL: Bonding Method: Ultrasonic 
Material: Glass Frit COMPLIANT OUTLINE: 38510 D-2 


Temperature: 450°C + 10°C 
Method: Furnace Seal 


SWITCHES 


20 PAD CERAMIC LCC 


CMOS ANALOG 


.003 .075 


.022 342 
.028 : 358 


PAD MATERIAL: Type C INTERNAL LEAD WIRE: 

PAD FINISH: Type A Material: Aluminum 

FINISH DIMENSION: Type A Diameter: 1.25 Mil 

PACKAGE MATERIAL: Multilayer Ceramic, 90% Alumina Bonding Method: Ultrasonic 
PACKAGE SEAL: COMPLIANT OUTLINE: 38510 C-2 


Material: Gold/Tin (80/20) 
Temperature: 320°C + 10°C 
Method: Furnace Braze 


Mi 


NOTE: All Dimensions are tor , Dimensions are in inches. t Mil-M-38510 Compliant Materials, Finishes, and Dimensions. 
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w HARRIS 1-201HS 


DESIGN INFORMATION High Speed Quad SPST 
CMOS Analog Switch 


The information contained in this section has been developed through characterization by Harris Semiconductor and is 
for use as application and design data only. No guarantee is implied. 


Typical Performance Characteristics Unless Otherwise Specified: Ta = +25°C, VgyppLy = +15V 
VAH = 3.0V, VAL = 0.8V 


ON RESISTANCE vs. ANALOG ON RESISTANCE vs. ANALOG SIGNAL 
SIGNAL LEVEL AND TEMPERATURE ~ LEVEL AND POWER SUPPLY VOLTAGE IS(OFF) OF ID(OFF) vs. TEMPERATURE 


beet = = = 


NI 
Bil 
i 


RON - ON RESISTANCE (OHMS) 
RON - ON RESISTANCE (OHMS) 


| - LEAKAGE CURRENT (nA) 


-5 0 +6 
Vin - ANALOG INPUT (VOLTS) Vin - ANALOG INPUT (VOLTS) 


78 
T - TEMPERATURE (°C) 


LEAKAGE CURRENT vs. 
ID(ON) VS- TEMPERATURE ANALOG INPUT VOLTAGE SUPPLY CURRENT vs. TEMPERATURE 


| - LEAKAGE CURRENT (nA) 
1+ / 1- SUPPLY CURRENT (mA) 


| - LEAKAGE CURRENT - (pA) 


Bw = -15V 


ISOFF VD = OV 
IDOFF—Vs = 0V 


-200 
T - TEMPERATURE (°C) -14-12-10-8 6 4 -2 0 2 4 6 8 10 12 14 T - TEMPERATURE (°C) 
Vin - ANALOG INPUT (VOLTS) 


DIGITAL INPUT LEAKAGE LEAKAGE CURRENT vs. ANALOG INPUT SWITCHING TIME vs. 
CURRENT vs. TEMPERATURE VOLTAGE (Vin > +14V, Vin = -14V) TEMPERATURE 


10 


1- LEAKAGE CURRENT (uA) 
inet: sie eae ot 


| - LEAKAGE CURRENT (nA) 


bubs bon! 


t - SWITCHING TIME (nsec) 


T- TEMPERATURE (°C) wet ieee 


fo 
bad 
o 


-15.5 -15.0 -14.5 -14.0 +14.0 +14.5 +15.0 +15.5 +16.0 Te RES ATURE (°C) 
Vin - ANALOG INPUT (VOLTS) 
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HI-201HS 


DESIGN INFORMATION (continuea) 


The information contained in this section has been developed through characterization by Harris Semiconductor and is 
for use as application and design data only. No guarantee is implied. 


Typical Performance Characteristics Unless Otherwise Specified: Ta = +25°C, VgUPPLY = +15V 
VAH = 3.0V, VAL = 0.8V 


SWITCHING TIME vs. SWITCHING TIME vs. POSITIVE AND SWITCHING TIME vs. 
POSITIVE SUPPLY VOLTAGE NEGATIVE SUPPLY VOLTAGE NEGATIVE SUPPLY VOLTAGE 


t - SWITCHING TIME (nsec) 
a i ea 
t - SWITCHING TIME (nee) 


t - SWITCHING TIME (nsec) 


V+ - POSITIVE SUPPLY (VOLTS) V - NEGATIVE SUPPLY (VOLTS) 


SWITCHING TIME vs. CHARGE INJECTION vs. 
INPUT LOGIC AMPLITUDE OFF ISOLATION vs. FREQUENCY ANALOG INPUT 


SWITCHES 


CMOS ANALOG 


i >= 
= & 40 
: g % 
z 5 20 
Z aul] 3 10 
5 He ae 
3 « -10 
~ x -20 
© -30 
So 40 
-50 
3 4 1 1 1M 7 “= ag ae 
Van - DIGITAL INPUT AMPLITUDE (VOLTS) f - FREQUENCY (Hz) Vin - ANALOG INPUT (VOLTS) 
CROSSTALK vs. INPUT SWITCHING THRESHOLD vs. POSITIVE CAPACITANCE vs. 
FREQUENCY AND NEGATIVE SUPPLY VOLTAGES ANALOG INPUT 


w 
° 
— 


N $ 
a 
_ 


V+= +1 
V- = -15V 
1 Vin® 
PLU TTT ral 
Bip ee 
Sea ell 
iio 


- -@ WD 
a woo 


be 
o 


VaTH - INPUT LOGIC THRESHOLD (VOLTS) 


en EE ii 
anil 


° wn 


5 6 7 8 9 10 11 12 13 14 15 
+v - POWER SUPPLY VOLTAGE (VOLTS) 
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i HARRIS 


HI-222/883 


January 1989 High Frequency/Video Switch 


Features 


¢ This Circuit is Processed in Accordance to Mil-Std- 
883 and is Fully Conformant Under the Provisions of 
Paragraph 1.2.1. 


¢ Wideband Operation ...................0-- 150 MHz 
«© Differential GOMi .. . s.-- come sv ccee eck 0.03% (Typ) 
0.1% (Max) 
e Differential Phase ............. 0.003 Degrees (Typ) 
0.01 Degrees (Max) 
* Switching Sneed 2.2... oo eee ee oe oe 100ns (Typ) 
200ns (Max) 
SIGIR ates oe cee eee LSC Eee tea 352 (Typ) 
75Q (Max) 
© Off Isolation @ 10 MHz................. -65dB (Typ) 
-60dB (Max) 
e Crosstalk @ 10 MHz ............ceceeee -80dB (Typ) 
-75dB (Max) 

Applications 


e Routing Switchers 
¢ Production Mixers 
¢ High Definition TV 
e Radar Signal Conditioning 


® Medical Imaging 

e Heads-Up Displays 
e Simulators 

e Sonar 


Description 


The HI-222/883 is a high frequency analog switch that 
complements the Harris family of high speed op amps and 
buffers. Fabricated with our Dielectric Isolation process and 
using silicon gate technology, many key parameters have 
been enhanced. 


Crosstalk and off isolation are optimized with a T-switch 
configuration and the use of nonconnected pins for ex- 
tended shielding. Other features of the HI-222/883 include 
wideband operation, low Ron, fast switching speeds and 
low differential gain and phase. The characteristics of this 
TTL compatible device make it ideal for designs where im- 
proved switching performance is required. 


The primary application of this dual SPST switch is the 
routing of high frequency signals in equipment ranging from 
video production mixers to military RF circuits. 

The HI-222/883 is available in a 14 pin Ceramic DIP or a 20 


pin Ceramic LCC and is specified over the -55°C to 
+125°C temperature range. 


Pinouts 


HI1-222/883 (CERAMIC DIP) 
LOGIC “1” INPUT 
TOP VIEW 


HI4-222/883 (CERAMIC LCC) 
LOGIC “0” INPUT 
TOP VIEW 


GND 
N.C. 
V+ 
N.C. 
N.C. 


NOTE: Source and Drain are arbitrarily depicted as Analog Input and Output, respectively. They may be interchanged without affecting performance. 


All noncennected pins should be tied to ground. 
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Specifications HI-222/883 


Absolute Maximum Ratings 


Voltage Between V+ and V- Terminals............22ceeeeees 36V 
+VsuPPLY to Ground (V+, V-) 2.0... cece cece eee e ce eeeeees +18V 
Digital and Analog Input Voltage (Va, Vs, Vp)...-- +VsuPPLy +2V 

-VSUPPLY ~2V 
Peak Current (Source to Drain) 

(Pulse at 0.8ms, 10% Duty Cycle Max)................- 100mA 
Peak Current (Any Pin, 50% Duty Cycle) ...............06. 28mA 
COnmnuous CUITGNEUGAY PI) occ cece ccc tmecas 15mA 
SHIMON TORNGIONOMITO ccc cee duvet ec os che deatessuebas +175°C 
Storage Temperature Range ..............--- -65°C to +150°C 
ee IN Fes ovo a eee et Ae Anon oe A < 2000V 
Lead Temperature (Soldering 10 sec). .........0.00e ee ees 300°C 


Thermal Information 


Thermal Resistance Bia Bic 
Ceramic DIP Package’. cu... ace eee 75°C/W ss 179C/W 
Ceramic LCC Package ................ 76°C/W = 199C/W 

Package Power Dissipation Limit at +75°C 
Cerartic DIP Pathdge.. |. WOOT. 2.0.5 er OS 1.0W 
TNS tle FI ale Sees o vdlne cfivsdes cewcnsneacues 1.0W 

Package Power Dissipation Derating Factor Above +75°C 
erence DIP Pane. dss. sc bos vc doves cee cestes 13.4mW/°C 
Gerais UCC PACKAIO Si... ccc do code eves 13.2mW/°C 


CAUTION: Absolute maximum ratings are limiting values, applied 
individually, beyond which the serviceability of the circuit may be impaired. 
Functional operability under any of these conditions is not necessarily 
implied. 


Recommended Operating Conditions 


Operating Temperature Range ..............- -55°C to +125°C 
Operating Supply Voltage 2.0... 2... ccc cece ccc cen ten eeee +15V 
Analog Input Voltage (VS) ...... eee eee eee eee eens +VSUPPLY 


Address: Low LOVE AL) 3. cece sss cs cwssenecpaecuwns OV to 0.8V 
Address High Level (VAH) ......-- cee ce eee ee cece 2.0V to +5.0V 
Ground All Nonconnected Pins. 


TABLE 1. D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 


Device Tested at: Supply Voltage = +15V, VAH = 2.0V, Va_ = +0.8V, Unused Pins are Grounded. 


D.C.PARAMETERS | SYMBOL 


Switch “ON” 
Resistance 


$1/S2 


Source “OFF” 
Leakage Current 


Vs = -5V, Vp = 5V 
$1/S2 


Drain “OFF” 
Leakage Current 


Vp = -5V, Vs = 5V 
$1/S2 


ID(ON) Vp =Vs = 5V 
$1/S2 
Vp = Vs = -5V 
$1/S2 

Low Level IAL Va = 0.8V 

Address Current Ai,A2 

High Level TAH Va = 2.0V 

Address Current Ai,A2 


Positive 
Supply Current 


Channel “ON” 
Leakage Current 


Ay,A2 


Va = 0.8V, 2.0V 
Ai,A2 


Negative 
Supply Current 


GROUP A 
CONDITIONS SUBGROUP TEMPERATURE 


| 23 | -85°C to +1250C 


| 23 | -559C to +12500 


pers) Ve Soyer 


ae ES ae 


ees een Be 


2,3 
1 
2,3 
a2 
2,3 


LIMITS 


-559°C to +125°C 


75 


a 
-55°9C to +125°C 
+25°C 


-559C to +125°9C 


+2 
+2 


-55°C to +1259C 


Etec. aA — | 
Rese 


CAUTION: This device is sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
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CMOS ANALOG 


SWITCHES 


H1I-222/883 


TABLE 2. A.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 
Device Tested at: Supply Voltage = +15V, VAH = 2.0V, Vat = 0.8V, Ground All Noncennected Pins. 


LIMITS 
PARAMETERS SYMBOL CONDITIONS TEMPERATURE UNITS 


L Min | Max | 


Turn “OFF” Time torr 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (NOTE 1) 


GROUP A 
SUBGROUPS 


Device Characterized at: Supply Voltage = +15V, VAH = 2.0V, Vat = 0.8V, Ground All Nonconnected Pins. 


PARAMETERS SYMBOL CONDITIONS 
“On” Resistance Match RON Vp = +5V, Ip = 7.5mA 
(Channel to Channel) Match 


Address Capacitance Va=20V,08V Pape ME ORS Be Pe ae 


Switch Input CS(OFF) Switch Off: Va = 2.0V 1 +259C 
Capacitance 
Switch Output CD(OFF) | Switch Off: Va = 2.0V 


Capacitance 


CD(ON) Switch On: Va = 0.8V 

Drain to Source CDS(OFF) | Switch Off: Va = 2.0V 

Capacitance 

Off Isolation Viso Vg = 300MVp-p @ f = 10MHz 
R_ = 502 

Crosstalk VcT Vs = 300MVp-_p @ f = 10MHz 
Ry = 500 


Gain Tolerance Ay+ Vs = 300MVp-» RL = 502 
@ 1MHz 


@ 8MHz 


Differential Gain ADIFF 


Differential Phase ADIFF 


Vg = 300MVp_p, RL = 2k 


VOFFSET = OV to 1V 
f = 3.58MHz and 4.43MHz 


NOTE 1. Parameters listed in Table 3 are controlled via design or process parameters and are not directly tested at final production. These parameters are lab 
characterized upon initial design release, or upon design changes. These parameters are guaranteed by characterization based upon data from 
multiple production runs which reflect lot to lot and within lot variation. 


TABLE 4. ELECTRICAL TEST REQUIREMENTS 


MIL-STD-883 TEST REQUIREMENTS SUBGROUPS (SEE TABLES 1 & 2) 


interin, Electrical Parameters (Pre Burn-in) ae ae Solin pope 1 a ad 
Final Electrical Test Parameters 13.2.3: 0. 10:11 
1 


Group A Test Requirements Tyas 1C, 1 


Groups C &D Endpoints 


* PDA applies to Subgroup 1 only. 


HI-222/883 


Test Circuits 


Rps IS(OFF) ID(OFF) 
7.5mA 
lg (OFF) Ip (OFF) lg (OFF) Ip (OFF) 
IN OUT IN OUT 
Co meek ae ©: meta oo. 
+ 5V +vV = + 5V +o = 


5 % | 9 a 


VIN = +5V, | = 7.5mA, Va = 0.8V VIN = +5V, VouT = F5V, Va = 2.0V Vin = +5V, VouT F5V, Va = 2.0V 


ADDRESS CURRENT SUPPLY CURRENTS 


CMOS ANALOG 
SWITCHES 


VAH = 2.0V, VaL = 0.8V 


CROSSTALK 


I 
L 


VIN = 300MVp-p, f = 10MHz, Rin = Ry = S00, VIN = 300MVp-p, f = 10MHz, Rin = RL = 502 VAG = 300MVp-p, f = 3.58MHz and 4.43MHz, 


Vay = 2.0V Vay = 2.0V, Van = 0.8V Voc = 0.0V to 1.0V, RL = 2k, Rij = 502 
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HI-222/883 


Test Circuit 
SWITCHING TEST CIRCUIT (ton, torF4) 


V+ = +15V 


SWITCH INPUT 


R 
Vo = VIN : 

Re + Ron 
C, Includes CeixTURE + CpRroBE 


Switching Waveforms 
LOGIC “0” = SWITCH ON 


DIGITAL VAH = 2-0V 
INPUT 


SWITCH OV 
OUTPUT 


ton, torr (TTL INPUT), Vaz = 0.8V, Vay = 2.0V 


Top: TTL Input (1V/Div.) 
Bottom: Output (2V/Div.) 
Horizontal: 100ns/Div. 
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HI-222/883 


Burn-In Circuits 


HI-222/883 CERAMIC DIP 


HI-222/883 CERAMIC LCC 


CMOS ANALOG 
SWITCHES 


ren Pes ees Pe 


121173! 


NOTES: 

Both Switches Are On, One Sourcing 1.5mA and the Other Sinking 1.5mA. 
Ry = Rp = 10kN, +5%, per Socket, 1/4W (Min) 

C4, Co = 0.01 pF/Socket (Min) or 0.1 )F/Row, (Min) 

D;, Dp = IN4002 or Equivalent/Board 

| (v+) - (V-) |= 30V 

Pin 9 May Be Tied to Ground or Left Open on Ceramic DIP Circuit. 


4-39 


Schematic Diagram 


vec O 


VEE 


LEVEL SHIFTER 


HI-222/883 


BIAS NETWORK 


SWITCH 


HI-222/883 


Die Characteristics 


DIE DIMENSIONS: GLASSIVATION: 

124 x 79 x 19 mils Type: Nitride 

(3120 x 1440 x 480 ym) Thickness: 7.0kA + 0.75kA 
METALLIZATION: DEVICE COUNT: 183 

ae eee “ef PROCESS: Silicon Gate/DI 

pete ee DIE ATTACH: 

WORST CASE cetigh ges DENSITY: Material: Gold/Silicon Eutectic Alloy 

0.93 x 10°A/cm* at 15mA (Continuous) Temperature: Ceramic DIP — 460°C (Max) 


Ceramic LCC — 420°C (Max) 


Metallization Mask Layout 


HI-222/883 


Vout 


CMOS ANALOG 
SWITCHES 


VouT2 


NOTE: Pin Numbers Correspond to Ceramic DIP Package Only. 


HI-222/883 


Packaging t 
14 PIN CERAMIC DIP 


ow 
15° 


* INCREASE MAX LIMIT BY .003 INCHES 
MEASURED AT CENTER OF FLAT FOR 


SOLDER FINISH 
LEAD MATERIAL: Type B INTERNAL LEAD WIRE: 
LEAD FINISH: Type A Material: Aluminum 
PACKAGE MATERIAL: Ceramic, 90% Alumina Diameter: 1.25 Mil 
PACKAGE SEAL: Bonding Method: Ultrasonic 
Material: Glass Frit COMPLIANT OUTLINE: 38510 D-1 


Temperature: 450°C + 10°C 
Method: Furnace Seal 


20 PAD CERAMIC LCC 


PAD MATERIAL: Type C INTERNAL LEAD WIRE: 

PAD FINISH: Type A Material: Aluminum 

FINISH DIMENSION: Type A Diameter: 1.25 Mil 

PACKAGE MATERIAL: Multilayer Ceramic, 90% Alumina Bonding Method: Ultrasonic 
PACKAGE SEAL: COMPLIANT OUTLINE: 38510 C-2 


Material: Gold/Tin (80/20) 
Temperature: 320°C + 10°C 
Method: Furnace Braze 


Min 


a , Dimensions are in inches. t Mil-M-38510 Compliant Materials, Finishes, and Dimensions. 
ax 


NOTE: All Dimensions are 
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@ HARRIS HI-222 


DESIGN INFORMATION 
High Frequency/Video Switch 


The information contained in this section has been developed through characterization by Harris Semiconductor and is for 
use as application and design aid only. These characteristics are not 100% tested and no product guarantee is implied. 


Typical Performance Curves unless Otherwise Specified: Ta = +25°C, Vsuppiy = +15V 


STEADY STATE ADDRESS INPUT CURRENT vs. 
SUPPLY CURRENT vs. TEMPERATURE vs. SUPPLY VOLTAGE TEMPERATURE 


ee i 1 
SSC 
PSS is 


+ 5.0 


iSUPPLY (mA) 


J. 


iii O 

+65. +105 +125 ls SN ag A ag oe 

oO Lu 

TEMPERATURE (°C) ice tale 3x 

<p 

pls 

SWITCHING TIME vs. TEMPERATURE SWITCHING THRESHOLD vs. + SUPPLY VOLTAGE Q = 
150 O 


ton: torr ("s) 


THRESHOLD (V) 


0.0 
S14 1s i271 10S 60 7 
+ SUPPLY (V) 


Ron vs. ANALOG INPUT vs. TEMPERATURE 


V, 

a0 AH 
V, 

< bd AL 


+55 +85 +125 
TEMPERATURE (°C) 


ANALOG INPUT (V) 


HI-222 


DESIGN INFORMATION (continuea) 


The information contained in this section has been developed through characterization by Harris Semiconductor and is for 
use as application and design aid only. These characteristics are not 100% tested and no product guarantee is implied. 


Typical Performance Curves Unless Otherwise Specified: Ta = +25°C, VgyppLy = +15V 


Ron vs. ANALOG INPUT vs. SUPPLY VOLTAGE ISOFF/IDOFF VS. TEMPERATURE vs. ANALOG INPUT 
10.0 


0.10 


- 0 +5 
ANALOG INPUT (V) 


0.001 
+ 25°C + 75°C + 125°C 
TEMPERATURE (°C) 


IDON vs. TEMPERATURE vs. ANALOG INPUT BANDWIDTH 
100.0 


<< 


TTA 


MRA || 
atte HU TPT | 
a Ha TTS 


ain | |e 
=f 
Em iis 3 At. 


A | 
CUTE COTTE TT 


Raat Tenge 


os 
o 
° 


GAIN TOLERANCE (dB) 
aoa 1?) we) = ° 


lg OFF/ Ip OFF (nA) 
oO 


o 
— 
>) 


TEMPERATURE (°C) 
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HI-222 


DESIGN INFORMATION (continuea) 


The intormation contained in this section has been developed through characterization by Harris Semiconductor and is for 
use as application and design aid only. These characteristics are not 100% tested and no product guarantee is implied. 


Typical Performance Curves _ unles Otherwise Specified: Ta = +25°C, VguppLy = +15V 
GAIN TOLERANCE OFF ISOLATION 


Bo 
© 1.0 20 
ai IML Rat RECTAL LL CU TT TE 
gt A Ea a 
3 | 
Bee ec en dub deau | MP 
ae: | ey rs 
3.0 a — 
all son} ||] e  areeaS 
x 
UU ok 2-7 
xX 0.0°9 
wT ae 
= 90 
100 1K OK ” ebotihes 


100K 10M 100M 


CMOS ANALOG 
SWITCHES 


Co 
Cen ie Mia 


A LH 
_ 


pe. 
OP ell 
Ee pe Ld 


(dB) 


Saeoueney (Hz) 


TYPICAL PERFORMANCE CHARACTERISTICS 


Device Characterized at: Supply Voltage = +15V, Ri = 50, Unless Otherwise Specified. 


PARAMETERS 


Differential Gain Vs = 300MVp-p, VOffset = 0.0V to 1.0V 
f = 3.58MHz, 4.43MHz @ Ry = 2kN 


f = 3.58MHz, 4.43MHz @ R, =502. 


Differential Phase Vs = 300MVp-p, VOffset = 0.0V to 1.0V 
f = 3.58MHz, 4.43MHz @ Ry, = 2kN 


f = 3.58MHz, 4.43MHz @ R_ = 502 


GG? HARRIS 


1-300/883 


January 1989 Dual SPST CMOS Analog Switch 


Features Description 


e This Circuit is Processed in Accordance to Mil-Std- The HI-300/883 switch is a monolithic device fabricated 
883 and is Fully Conformant Under the Provisions of using CMOS technology and the Harris Dielectric Isola- 
Paragraph 1.2.1. tion process. This switch features low and nearly constant 
Analog Signal Range (+15V Supplies)................ +15V_ ON resistance over the full analog signal range, and low 
Low Leakage (+25°9C) 1nA (Max) power dissipation. 

Low Leakage (+125°9C) 100nA (Max) 

Low ON Resistance 500 (Max) ‘The HI-300/883 is TTL compatible and has a logic “0” 
condition with an input less than 0.8V and a logic “1” 


Charge Injection 30pC (Typ) 
? . o condition with an input greater than 4.0V. 


TTL Compatible 


Symmeticar switch Elements The HI-300/883 is pin-for-pin compatible with the 


Lon wheratiog. ema industry standard Siliconix DG300. The device is 

Compatible with DG300 available in a 14 pin Ceramic DIP and in a 10 pin Metal 
ae 2 -550 O 

Applications Can. The HI-300/883 operates over the -559C to +1259C 


temperature range. 
Sample and Hold, i.e. Low Leakage Switching 
Op Amp Gain Switching, i.e. Low ON Resistance 
Portable, Battery Operated Circuits 
Low Level Switching Circuits 
» Dual or Single Supply Systems 


Pinouts 
HI1-300/883 (CERAMIC DIP) HI2-300/883 (METAL CAN) 
TOP VIEW TOP VIEW 


LOGIC SWITCH 


*The substrate and case are internally tied to V-. (The 
0 OFF case should not be used as the V- connection, however.) 
1 ON 


4-46 


Specifications HI-300/883 


Absolute Maximum Ratings 


Voltage Between V+ and V- Terminals..........0..ceeeeeaee 44V 
tVSUPRLY. to Ground (Vr, Vi). cnncccccncarcneeeeccmees +22V 
Analog Input Voltage +VS......... ee eee ee eeee +VSUPPLY +1.5V 
wi Ee SOE REY cee -VSUPPLY -1-5V 
Digital Input Voltage +VA .... 66. ee eee eee ee eee +VsuPPLy +4V 
if SE CRETE ET: Se -VSUPPLY -4V 

Peak Current (S or D) 

(Pulse at 1ms, 10% Duty Cycle Max) ...........eeeeee 40mA 
COMTI ORR EAI ois cin: enee shcvomerereiatlor nc asevemenoonineenn nye: wrerarene™ 30mA 
SUNGHON WOMPSlAtule 0c. 0c deve cc ce be dsc vcadesees ne +175°C 
Storage Temperature Range ................. -65°9C to +1509C 
Lead Temperature (Soldering 10 sec)............00eeeee <275°9C 


Thermal Information 


Thermal Resistance Bia Bic 
Ceramic DIP Package..............406- 989C/W 30°C/W 
Metal Can Package ............-eee200- 1179C/W = 35°C/W 

Package Power Dissipation at +75°C 
Cera DIR GECEAG.. 6. ce he ke} bv neteed outer ae 0.77W 
MetalGan Packager s2b eres tea Tepe Ea eee 0.64W 

Package Power Dissipation Derating Factor Above +75°9C 
Ceramic DIPaCKage: Tl oso. oc. cae ce peesccee te 10.32mW/°C 
Metal COB PECKOGG 5. oo. bi cscs ddecebecesescdecs 8.56mW/°C 


CAUTION: Absolute maximum ratings are limiting values, applied 
individually, beyond which the serviceability of the circuit may be impaired. 
Functional operability under any of these conditions is not necessarily 
implied. 


Recommended Operating Conditions 


Operating Temperature Range ............... -559C to +1259C. Logic Low Level (VAL)... ...-ccceee cee cee cece cceceees OV to 0.8V 
Operating Supply Voltage (£VSUPPLY)--------- eee cece ees SIS: COGS HIGH COVGIV AIG) soi. cc cc eck cs sons ecees 4.0V to +VSUPPLY 
Analog Input Voltage (Vs)... ers iis. Pre Sie FF +VSUPPLY 


TABLE 1. D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 
Device Tested at: +VsuppLy = +15V, -VsuppLy = -15V, GND = OV, Unless Otherwise Specified 


Switch “ON” 
Resistance 


Va = 4.0V, Vp = 10V, Ig = -10mA 


$1/S2 


$1 /S2_ 


Source “OFF” 
Leakage Current 


IS(OFF) 


Vp = Vs = -14V, Va = 4.0V 
$1/S2 


$1/S2 


Drain “OFF” 


Leakage Current $1/S2 


$1/S2 


Channel “ON” 
Leakage Current 


Low Level Input 
Current 
High Level Input 
Current 


Supply Current 


= 4.0V, Vag = OV and 


= OV, Van = 4.0V 


Supply Current 


Vai = 4.0V, Vao = OV and 
Vai = OV, Vao = 4.0V 


Vs = +14V, Vp = -14V, Va = 0.8V 


Vs =-14V, Vp = +14V, Va = 0.8V 
$1/S2 


Vs = +14V, Vp = -14V, Va = 0.8V 


Vg = -14V, Vp = +14V, Va = 0.8V 


Vp = Vs = + 14V, Va = 4.0V 
$1/S2 


All Channels Va = 4.0V 
+loc All Channels Va = 0.8V 

VA1 

VAI 


All Channels Va = 0.8V 


-550C to +1250C 


GROUP A LIMITS 


SUBGROUPS | TEMPERATURE | MIN. | MAX | UNITS 


Sa be a 
/ 28 _fseceerese | 7s ta 


raseciosram | =| 7 
Case | 
ee ee ee 
es a 
reso 10 112896 | ~100 
ee 
Psa [ 
Saath 
=o 
cia 
Sei 
m2 
=m 


- slp 
3 
> 


=] 
> 


om 
> 


= 
> 


FERED EEE PEBEEEEEEEEDEEE 


> 


nF 
> 


= 


-55°C to +125°C | -100 


-100 


10 


PS 


= 
S1sl5 ro) 


-100 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
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CMOS ANALOG 
SWITCHES 


HI-300/883 


TABLE 2. A.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 
Device Tested at: +Vsuppiy = +15V, -VsuppLy = -15V, GND = OV, Unless Otherwise Specified 


PARAMETERS SYMBOL CONDITIONS 


Turn “ON” Time (ON) 


GROUP A 
SUBGROUPS | TEMPERATURE MIN 


Turn “OFF” Time 


ae ee 
-550C, +1250C Aer 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (NOTE 1) 


Device Characterized at: +VsyppLy = +15V, -Vsuppiy = -15V, GND = OV, Unless Otherwise Specified 


LIMITS 
PARAMETERS SYMBOL CONDITIONS TEMPERATURE | MIN | 
Switch Input Cis(OFF) | Measured Source to GND 
Capacitance 


Driver Input Va =0V 

Capacitance 

OSs 
VcT 


Switch Output C Measured Drain to GND 
Capacitance 


Off Isolation Viso f= 1MHz, VGEN = 1Vp-p 
Crosstalk | Vet | f=1MHz, VGEN=1Vp-p 
Charge Transfer VCTE Vs = GND, CL = 0.01 pF 


NOTE 1. Parameters listed in Table 3 are controlled via design or process parameters and are not directly tested at final production. These parameters are lab 
characterized upon initial design release, or upon design changes. These parameters are guaranteed by characterization based upon daia from 
multiple production runs which reflect lot to lot and within lot variation. 


TABLE 4. ELECTRICAL TEST REQUIREMENTS 


MIL-STD-883 TEST REQUIREMENTS 


SUBGROUPS (SEE TABLES 1 & 2) 
Interim Electrical Parameters (Pre Burn-in) 
Final Electrical Test Parameters #2; 3,:9;:10, 41 


Groups C &D Endpoints 


* PDA applies to Subgroup 1 only. 
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H!I-300/883 


Test Circuits 
INPUT LEAKAGE CURRENT ID(OFF) IS(OFF) 


*Vec 


ere ree rer ne meen re 


ID(ON) SUPPLY CURRENTS | CHARGE TRANSFER ERROR 


TO MEASUREMENT 
CIRCUITRY WiTH INPUT 
RESISTANCE OF 1M? 
OR GREATER 


— DRIVER = 
f= 1RKz 
SQUARE WAVE { IF PULSE TEST IS USED: 
TR <20ns Tr, TF <20ns 


CMOS ANALOG 
SWITCHES 


Vin (ORIVER) >< 


VCTE BROOP CAUSED BY 
DEVICE LEAKAGE 
AND MEASUREMEN) 


CIRCUITRY 


SWITCHING TRANSIENT 


NOTE: Vote may be a positive or negative value 


CROSSTALK 
BETWEEN CHANNELS 


Rps 


VGEN = 'Vp-u 


For Detail Information Refer to HI-300/883 Test Tech Brief 
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HI-300/883 


Test Waveforms 


Vo 
SWITCH 
OUTPUT 


LOGIC ‘1’°= SWITCH ON 
LOGIC VINH 
INPUT - 50% : 50% 
OV | 
| | 
| 10% 
OV 


SWITCH | 
OUTPUT | 
| 


% | 
| 
2 | | 
) : | 
asta tON | —~{  tOFF Fae 


NOTES: 
1. Ry = 3002: Cy = 33pF 
2. VINH = 4V 


RISETIME (0.4V to 3.6V) < 20ns 
FALLTIME ({3.6V to 0.4V) < 20ns 
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HI-300/883 


Burn-In Circuits 


HI-300/883 CERAMIC DIP 


HI-300/883 METAL CAN 


CMOS ANALOG 
SWITCHES 


Rj R2 


C1 C2 


V+ V- 


NOTES: 

Ry = Ro = Rg = Rg = 10KO, 5%, 1/4 or 1/2 wait. 
Cz = Co = 0.01uF (per socket) or 0.1uF (per row) 
D4 = Do = IN4002 (per board) 

|(V+) - (V-)| = 30V 
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HI-300/883 


Schematic Diagram 


DIGITAL INPUT BUFFER AND LEVEL SHIFTER 


LOGIC INO 


SWITCH CELL 
DRIVER 
(ONE PER SWITCH CELL) 


SWITCH CELL 
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HI-300/883 


Die Characteristics 


DIE DIMENSIONS: 
76 x 60.6 x 19 mils 


METALLIZATION: 
Type: Aluminum 
Thickness: 16kA + 2kA 


GLASSIVATION: 
Type: Nitride 
Thickness: 7kA + 0.7kA 
DIE ATTACH: 
Material: Gold/Silicon Eutectic Alloy 
Temperature: Ceramic DIP — 460°C (Max) 
Metal Can — 420°C (Max) 


WORST CASE CURRENT DENSITY: 
3.9 x 105A/cm2 at 30mA 
This device meets Glassivation Integrity Test 
requirement per Mil-Std-883 Method 2021 and 
Mil-M-38510 paragraph 3.5.5.4. 


Metallization Mask Layout 
HI-300/883 


CMOS ANALOG 
SWITCHES 
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HI-300/883 


Packaging*t 
14 PIN CERAMIC DIP 
.753 
785 140 
.005 MIN 170 
| {a ea ees 
200 MAX 
tai 
015 .150 MIN 
060 
125 -098 MAX 
180 . 100 
2018. BSC 
023 
.050 * 
065 


LEAD MATERIAL: Type B 
LEAD FINISH: Type A 
PACKAGE MATERIAL: Ceramic, 90% Alumina 
PACKAGE SEAL: 
Material: Glass Frit 
Temperature: 450°C + 10°C 
Method: Furnace Seal 


10 PIN METAL CAN 


505 
560 


335 321 
375 325 


Bean 


.265 
.285 


.290 
.310 


.008 * 
.015 


= 
15° 


* INCREASE MAX LIMIT BY .003 INCHES 


MEASURED AT CENTER OF FLAT FOR 
SOLDER FINISH 


INTERNAL LEAD WIRE: 

Material: Aluminum 

Diameter: 1.25 Mil 

Bonding Method: Ultrasonic 
COMPLIANT OUTLINE: 38510 D-1 


* Maximum Limits are Increased by 0.003 inches for Solder Dip Finish. 


LEAD MATERIAL: Type A 
LEAD FINISH: Type C 
PACKAGE MATERIAL: Kovar Header with Nickel Can 
PACKAGE SEAL: 
Material: No Seal Material 
Temperature: Room Temperature 
Method: Resistance Weld 


NOTE: All Dimensions are an , Dimensions are in inches. 
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INTERNAL LEAD WIRE: 

Material: Aluminum 

Diameter: 1.25 Mil 

Bonding Method: Ultrasonic 
COMPLIANT OUTLINE: 38510 A-2 


t Mil-M-38510 Compliant Materials, Finishes, and Dimensions. 


i HARRIS 
DESIGN INFORMATION 


1-300 


Dual SPST CMOS Analog Switch 


The information contained in this section has been developed through characterization by Harris Semiconductor and is 


for use as application and design data only. No guarantee is implied. 


Typical Performance Characteristics Unless Otherwise Specified: V+ = +15V, V- = -15V, Ta = +250C 


RDS(ON) V8. Vp AND TEMPERATURE RDS(ON) Vs. Vp AND POWER SUPPLY VOLTAGE 


Rps(ON) - DRAIN TO SOURCE ON 
RESISTANCE (OHMS) 
Rps(ON)- DRAIN TO SOURCE ON 
RESISTANCE (OHMS) 


Vp - DRAIN VOLTAGE (VOLTS) 


DEVICE POWER DISSIPATION vs. 
SWITCHING FREQUENCY SIGNAL LOGIC INPUT 


a 

= 

z 

—} 

= 

= $ 

£ 8 
z 

g : 

= So 

< = 8 

-= (—] 

2 3, 

= > 

« a 
w 
2 
' 
z 


0.1 


aan Gs Gaal BPS 
BCE Seko 
Cann | 

1 10 100 1K 10K 100K 1M 


LOGIC SWITCHING FREQUENCY (Hz) 
50% DUTY CYCLE 


IS(OFF) OF ID(OFF) VS- TEMPERATURE“ 


s tiiinipeinhiiaiemstenementiaeell 

—$+ 
eee 
CSS eR RR 
ea Bee ONE SR 
aaa Se 


YI 
TW 


Eee 


Is(oFF) OR Ip(oFF) - SOURCE OR 
DRAIN OFF LEAKAGE CURRENT (nA) 


TEMPERATURE - °C 


A V+=+15V, V-=-15V 
B V+=+10V, V-=-10V 


C V+=+7.5V, V-=-7.5V 
D V+=+5V, V+=+5V 


Vp - DRAIN VOLTAGE (VOLTS) 


Oo 
OFF ISOLATION vs. FREQUENCY ° wn 
<= 
20 
<P 
100 
79) 
roe 
80 Ss ” 
Oo 
60 
* ! 
V+ = +15V, V- = -15V 
sy CLOAD = 3pF 
Vs = 1VRMS 


105 106 107 108 
f - FREQUENCY (Hz) 


ID(ON) VS. TEMPERATURE” 


10.0 


- 
o 


iE creer | 
NERS 
rears 


0.1 — 


Ip(ow) - CHANNEL LEAKAGE 
LEAKAGE (nA) 


0.01 
25 75 125 


T - TEMPERATURE (°C) 


* The net leakage into the source or drain is the N-channel leakage minus the P-channel leakage. This difference can be positive, negative, or zero 


depending on the analog voltage and temperature, and will vary greatly from unit to unit. 
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HI-300 


DESIGN INFORMATION (Continued) 


The information contained in this section has been developed through characterization by Harris Semiconductor and is 
for use as application and design data only. No guarantee is implied. 


Typical Performance Characteristics Unless Otherwise Specified: V+ = +15V, V- = -15V, Ta = +250C 


OUTPUT ON CAPACITANCE vs. DRAIN VOLTAGE DIGITAL INPUT CAPACITANCE vs. INPUT VOLTAGE 
Me 16 
rr = 
lw 
= 60 2 12 
o i 
< S 
= < 
See Saha iad & , |__ TRANSITION (INDETERMINATE 
z o DUE TO ACTIVE INPUT) 
ae Se eae RE : I 
a = p= 
5 30 ‘SP Alee ee aics eae ee as as Pa se 
° BRUNE SEN UB UE ae ADS, TE 
4 o 
z y HI-304 thru HI-307 
-_ TRANSITION 
0 2° @ 6 #0312448 6 2 ee 8 ae ee 16 
Vp - DRAIN VOLTAGE (VOLTS) Vin - INPUT VOLTAGE (VOLTS) 
SWITCHING TIME vs. TEMPERATURE SWITCHING TIME vs. NEGATIVE SUPPLY VOLTAGE 
” V+=+15V a 
J = 
w Lu 
rie = 
S 200 
- 2 
o x 
= Qo 
= 100 ‘i 
ua 
L ° 
s Tp = 25°C 
0 S VINH =4V 
-55 -35 -15 5 25 45 65 85 105 125 VINL = 9V 
T - TEMPERATURE (°C) 
0 5 10 15 
V - NEGATIVE SUPPLY (VOLTS) 
SWITCHING TIME AND BREAK BEFORE MAKE TIME vs. INPUT SWITCHING TIME THRESHOLD vs. 


POSITIVE SUPPLY VOLTAGE POSITIVE SUPPLY VOLTAGE 


V-=-15V 
Ta = 25°C 
VINH = +4.0V 
VINL = OV 


* HI-304 thru HI-307 


VTH - INPUT SWITCHING THRESHOLD 
VOLTAGE (VOLTS) 


tON/OFF/tBBM -SWITCHING TIME/ 
BREAK-BEFORE-MAKE TIME (us) 


V+ POSITIVE SUPPLY VOLTAGE (VOLTS) 


V+ POSITIVE SUPPLY (V) 
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Gg HARRIS 


1-301/883 


January 1989 SPDT CMOS Analog Switch 


Features 


© This Circuit is Processed in Accordance to Mil-Std- 
883 and is Fully Conformant Under the Provisions of 
Paragraph 1.2.1. 


Analog Signal Range (+15V Supplies) ................. +15V 
Low Leakage (+25°C) 1nA (Max) 
Low Leakage (+125°9C) 100nA (Max) 
Low ON Resistance 500 (Max) 
Charge Injection 30pC (Typ) 
TTL Compatible 

Symmetrical Switch Elements 

Low Operating Power 

Compatible with DG301 


Applications 


Sample and Hold, i.e. Low Leakage Switching 
Op Amp Gain Switching, i.e. Low ON Resistance 
Portable, Battery Operated Circuits 

Low Level Switching Circuits 

Dual or Single Supply Systems 


Pinouts 
H1I1-301/883 (CERAMIC DIP) 
TOP VIEW 


Description 


The HI-301/883 switch is monolithic devices fabricated 
using CMOS technology and the Harris Dielectric Isola- 
tion process. This switch features break-before-make 
switching, low and nearly constant ON resistance over the 
full analog signal range, and low power dissipation. 


The HI-301/883 is TTL compatible and has a logic “0” 
condition with an input less than 0.8V and a logic “1” 
condition with an input greater than 4.0V. 


The HI-301/883 is pin-for-pin compatible with the 
industry standard Siliconix DG301. The device is 
available in a 14 pin Ceramic DIP and in a 10 pin Metal 
Can. The HI-301/883 operates over the -559C to +1250C 
temperature range. 


HI2-301/883 (METAL CAN) 
TOP VIEW 


*The substrate and case are internally tied to V-. (The 
case should not be used as the V- connection, however.) 
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CMOS ANALOG 
SWITCHES 


Specifications HI-301/883 


Absolute Maximum Ratings Thermal Information 


Voltage Between V+ and V- Terminals...................00: 44V Thermal Resistance Bia Bic 
EN GHDERY UO RNOUNG (Vt V—):dalcccecedses use rcbeowedtee +22V Ceramic DIP Package ...............4. 98°C/W 30°C/W 
Analog input Voltage +Vs eo nN +VSUPPLY +1.5V Metal Can Package acig dba Ghetaivs eUe, ate a ale e. © 1179C/W 35°C/W 
Fs att ORES Bere 5 ise -Vsyppiy -1.5V Package Power Dissipation at +75°C 
DiQNa DUT VOUROG WV An. oes 5. een ay ake +VsupPPLy +4V COramnic ie PACKGOG 55. ses «soos Sac oak age cadeateks 0.77W 
<7 Sn ec ee -VsuppLy -4V WMGRBI CIO OCKOOG hrc g cea nso « sin np bs «srt ees Waeyie bas 0.64W 
; ay Package Power Dissipation Derating Factor Above +75°C 
Peak Current (S or D) : 
mieees 40% Duty Cycle M anh Getamic DIP Package:...c.c.. se acesscccstaccvee 10.32mW/°C 
( base Ratti. MYER MBS sss tian Paty sr eit » Metal Can Package ......0......0cccebeeuceeeeess 8.56mW/°C 
CE CT so oop et nc po aes aces 0.0 hop bee 30mA é eet : 
aintten Wersiporanine +1750C CAUTION: Absolute maximum ratings are limiting values, applied 
_ touch eee pe dah TRAN CEE Et individually, beyond which the serviceability of the circuit may be impaired. 
Storage Temperature Range ............+... -65°C to+1509°C Functional operability under any of these conditions is not necessarily 
Lead Temperature (Soldering 10 sec). ............00000e <275°C implied. 


Recommended Operating Conditions 


Operating Temperature Range ............... *SS°C 1 F125°C 3=— Logic How vel (WAL) 0.02 oo 0.00 viene s pave dob sbiclcitae OV to 0.8V 
Operating Supply Voltage (£VSUPPLy)....... eee eee eee eens SI5SV: LogicHigh Level (VAs) .... 2. ccc c nce ese cc wins 4.0V to+VsuUPPLY 
Analog Input Voltage (Vs)......... cece cece ee ee eee +VSUPPLY 


TABLE 1. D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 
Device Tested at: +VsuppLy = +15V, -VsuPPLY = -15V, GND = OV, Unless Otherwise Specified 


D.C. 
PARAMETERS | SYMBOL CONDITIONS 
Switch “ON” VA = 4.0V, Vp = 10V, Ig = -10mA 
Resistance $1/S2 
VA = 4.0V, Vp = -10V, Ig = 10mA 
S1/S2 
IS(OFF) | VS =+14V, Vp = -14V, Va = 0.8V 
$1/S2 
Vs = -14V, Vp = +14V, Va = 0.8V 1 
$1/S2 2.3 
ID(OFF) | VS = +14V, Vp = -14V, Va = 0.8V 
$1/S2 
Vs = -14V, Vp = +14V, Va = 0.8V 
re 2,3 -55°C to +125°C 
1 +259C 


ID(ON) Vp = Vs = + 14V, Va = 4.0V as 
5 i 2,3 -559C to +1250C | -100 | 100 | n 
Vp = Vs = -14V, Va = 4.0V +25°C Pl Pe riay n 
| | =100_| 100 _| 


GROUPA 
SUBGROUPS 


TEMPERATURE 


+25°9C 
-55°C to +1259C 
+259C 


ae [a+ | 
700 
ni 

ae 


3 


Source “OFF” 
Leakage Current 


, ee ~ 


-§59C to +125°9C 


| -100 


-559C to +125°C 


Drain “OFF” 
Leakage Current 


Channel “ON” 
Leakage Current 


( 


$1/S2 


3 -559C to +1259C 


IAL All Channels Va = 0.8V +25°9C 
1AH All Channels Va = 4.0V 1 +25°9C 
+loc All Channels Va = 0.8V 1 +25°C 
Va = 4.0V 
-Icc All Channels Va = 0.8V 1 


Low Level Input 
Current 


High Level Input 
Current 


Supply Current 


-§5°C to +125°9C 
+25°9C 
-55°C to +125°C 
+25°9C 
-55°9C to +1259C 


Supply Current 


-559C to +125°C 
Va = 4.0V 


+25°C 
CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
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HI-301/883 


TABLE 2. A.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 


Device Tested at: +VsupPLy = +15V, -VsUPPLY = -15V, GND = OV, Unless Otherwise Specified 


LIMITS 
GROUP A 
PARAMETERS SYMBOL CONDITIONS SUBGROUPS | TEMPERATURE 


Turn “ON” Time 


-55°C, +1259C 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (NOTE 1) 


Device Characterized at: +Vsyppiy = +15V, -VsyuppLy = -15V, GND = OV, Unless Otherwise Specified 


PARAMETERS SYMBOL CONDITIONS NOTE | TEMPERATURE 
Switch Input Cis(OFF) | Measured Source to GND +259C 
Capacitance 


Capacitance oO 
= 
Switch Output Cos Measured Drain to GND +25°C 40 
Capacitance ” = 
WY 


Charge Transfer Vote | Vg=GND, Cy =0.01pF 


NOTE 1. Parameters listed in Table 3 are controlled via design or process parameters and are not directly tested at final production. These parameters are lab 
characterized upon initial design release, or upon design changes. These parameters are guaranteed by characterization based upon data from 
multiple production runs which reflect lot to lot and within lot variation. 


TABLE 4. ELECTRICAL TEST REQUIREMENTS 


MIL-STD-883 TEST REQUIREMENTS SUBGROUPS (SEE TABLES 1 & 2) 


Final Electrical Test Parameters 1*, 2,3, 9, 10, 11 
Group A Test Requirements £2,3, 9,10, 1 


Groups C & D Endpoints 


* PDA applies to Subgroup 1 only. 
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HI-301/883 


Test Circuits 


INPUT LEAKAGE CURRENT 


ID(OFF) iS(OFF) 


‘Vec 


Vec 


SUPPLY CURRENTS CHARGE TRANSFER ERROR 


TO MEASUREMENT 
CIRCUITRY WITH INPUT 
RESISTANCE OF 1M22 
OR GREATER 


01Mt = 


f= 1HKz 
SQUARE WAVE | !F PULSE TEST iS USED: 
TR <20ns Ta. TF <20ns 


“Vin (DRIVER) >< 


es 


VCTE 


= DRIVER 


DROGP CAUSED BY 
DEVICE LEAKAGE 
AND MEASUREMENT 
CIRCUITRY 


—— i ee 


SWITCHING TRANSIENT 


NOTE: VcTE may be a positive or negative value 


CROSSTALK 
BETWEEN CHANNELS 


VGEN= 1Vp-p VGEN = 1Vp-p 


KS 
f = 1MHz 


For Detail! Information Refer to HI-301/883 Test Tech Brief 
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HI-301/883 


Test Waveforms 


YO switcH 1 a 
Vs = + 3V OUTPUT Ys ter © salah 
S2 
LOGIC Vs2 = +3V © 0UT2 
INPUT 
GND 
= = =— = LOGIC 
INPUT 
— ——GnD 6 -15V ne +_ _— 
LOGIC “1” = SWITCH ON LOGIC “1” = SWITCH ON 
athe VINH fiw \arUT ba! | 
INPUT 50% 50% 
ov ov 
| | 
90% 50% 50% 
l | , 
ov 7 | = ov | | ouTi 
SWITCH | | | | l | 
OUTPUT | | | | SWITCH | | ouT2 
[-- <4 | OUTPUT 50% | | 50% 
| K Z 
—e ton = —| tOFF —— ov . | | 
| 
| | | | 
tOPEN——»j p+ —~{-_ * — torEN 
NOTES: 
1. Ry = Ri1 = R_2 = 300; CL = C1 = C_2 = 33pF 
2. VINH = 4V 


RISETIME (0.4V to 3.6V) S 20ns 
FALLTIME (3.6V to 0.4V) S 20ns 
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CMOS ANALOG 
SWITCHES 


HI-301/883 


Burn-In Circuits 


HI-301/883 CERAMIC DIP 


HI-301/883 METAL CAN 


NOTES: 

Ry = Ro = Rg = Rg = 10KN, + 5% (per socket) 
Cz = Co = 0.01pF (per socket) or 0.1 pF (per row) 
D1 = Do = IN4002 or Equivalent/Board 

| (V+) - (V-) |= 30V 
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HI-301/883 


Schematic Diagram 


DIGITAL INPUT BUFFER AND LEVEL SHIFTER 


LOGIC INO 


SWITCH CELL 
DRIVER 
(ONE PER SWITCH CELL) 


SWITCH CELL 


CMOS ANALOG 
SWITCHES 
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HI-301/883 


Die Characteristics 


DIE DIMENSIONS: 
76 x 60.6 x 19 mils 


METALLIZATION: 
Type: Aluminum 
Thickness: 16kA + 2kA 


GLASSIVATION: 
Type: Nitride 
Thickness: 7kA + 0.7kA 
DIE ATTACH: 
Material: Gold/Silicon Eutectic Alloy 
Temperature: Ceramic DIP — 460°C (Max) 
Metal Can — 420°C (Max) 
WORST CASE CURRENT DENSITY: 
3.9 x 105A/cm2 at 30mA 
This device meets Glassivation Integrity Test 
requirement per Mil-Std-883 Method 2021 and 
Mil-M-38510 paragraph 3.5.5.4. 


Metallization Mask Layout 


HI-301/883 


HI-301/883 


Packaging' 


14 PIN CERAMIC DIP 


LEAD MATERIAL: Type B 
LEAD FINISH: Type A 
PACKAGE MATERIAL: Ceramic, 90% Alumina 
PACKAGE SEAL: 
Material: Glass Frit 
Temperature: 450°C + 10°C 
Method: Furnace Seal 


10 PIN METAL CAN 


335 321 
375 .325 


| 


* INCREASE MAX LIMIT BY .003 INCHES 


MEASURED AT CENTER OF FLAT FOR 
SOLDER FINISH 


INTERNAL LEAD WIRE: 

Material: Aluminum 

Diameter: 1.25 Mil 

Bonding Method: Ultrasonic 
COMPLIANT OUTLINE: 38510 D-1 


CMOS ANALOG 
SWITCHES 


240 


* Maximum Limits are Increased by 0.003 inches for Solder Dip Finish. 


LEAD MATERIAL: Type A 
LEAD FINISH: Type C 
PACKAGE MATERIAL: Kovar Header with Nickel Can 
PACKAGE SEAL: 
Material: No Seal Material 
Temperature: Room Temperature 
Method: Resistance Weld 


NOTE: All Dimensions are alld , Dimensions are in inches. 
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INTERNAL LEAD WIRE: 

Material: Aluminum 

Diameter: 1.25 Mil 

Bonding Method: Ultrasonic 
COMPLIANT OUTLINE: 38510 A-2 


¢ Mil-M-38510 Compliant Materials, Finishes, and Dimensions. 


iG HARRIS 1-301 


DESIGN INFORMATION 
SPDT CMOS Analog Switch 


The information contained in this section has been developed through characterization by Harris Semiconductor and is 
for use as application and design data only. No guarantee is implied. 


Typical Performance Characteristics Unless Otherwise Specified: V+ = +15V, V- = -15V, Ta = +25°C 


RDS(ON) V8: Vp AND TEMPERATURE RDS(ON) YS: Vp AND POWER SUPPLY VOLTAGE 


A V+=+15V, V-=-15V 
B V+=+10V, V-=-10V 
C V+=+7.5V, V-=-7.5V 
D V+=+5V, V+=+5V 


Rps(ON) - DRAIN TO SOURCE ON 
RESISTANCE (OHMS) 
Rps(ON)- ORAIN TO SOURCE ON 
RESISTANCE (OHMS) 


Vp - DRAIN VOLTAGE (VOLTS) Vp - DRAIN VOLTAGE (VOLTS) 


DEVICE POWER DISSIPATION vs. 
SWITCHING FREQUENCY SIGNAL LOGIC INPUT OFF ISOLATION vs. FREQUENCY 


100 


ALK 


1 

ng |, Vt7 t18V, V-= -15V | 
CLoAp = 3pF i 
Vs = 1VRMS 


|Vs/Vp|- OFF ISOLATION (aB) 


107 108 


f - FREQUENCY (Hz) 


= 
£ 
2 
= 
- 
< 
= 
” 
S 
o 
a 
wi 
= 
o 
1 
1 
= 
a 


HI - 304 THRU Hi -307 


1 10 100 1K 10K 100K 1M 


LOGIC SWITCHING FREQUENCY (Hz) 
50% DUTY CYCLE 


IS(OFF) °F ID(OFF) vs. TEMPERATURE* ID(ON) V8. TEMPERATURE* 


10.0 


=~ 
c—J 


Is(OFF) OR Ip(oFF) - SOURCE OR 
DRAIN OFF LEAKAGE CURRENT (nA) 
1p(ON) - CHANNEL LEAKAGE 
LEAKAGE (nA) 


TEMPERATURE - °C T - TEMPERATURE (°C) 


* The net leakage into the source or drain is the N-channe! leakage minus the P-channel leakage. This difference can be positive, negative, or zero 
depending on the analog voltage and temperature, and will vary greatly from unit to unit. 
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HI-301 


DESIGN IN FORMATION (Continued) 


The information contained in this section has been developed through characterization by Harris Semiconductor and is 
for use as application and design data only. No guarantee is implied. 


Typical Performance Characteristics Unless Otherwise Specified: V+ = +15V, V- = -15V, Ta = +250C 


OUTPUT ON CAPACITANCE vs. DRAIN VOLTAGE DIGITAL INPUT CAPACITANCE vs. INPUT VOLTAGE 
oie 
r ~~ 
60 = 
: = 
< o 
= 40 S TRANSITION (INDETERMINATE 
z o DUE TO ACTIVE INPUT) 
o - fers 
= = 
m= 2 
> 30 ia 
z 7 > HI-304 thru HI-307 
S's TRANSITION 
0 2 4 6 8 10 12 14 16 0 2 4 6 8 10 12 #14 #16 
Vp - DRAIN VOLTAGE (VOLTS) Vin - INPUT VOLTAGE (VOLTS) 
Oo 
SWITCHING TIME vs. TEMPERATURE SWITCHING TIME vs. NEGATIVE SUPPLY VOLTAGE ° ” 
<r 
8) 
n oS 
a 3 oS 
£ oa s” 
w = oO 
= 
= 2 
4 = 
= 3 
2 a 
; : 
= Oo 
= 
5 Ta = 250C 
VINH = 4V 
-55 -35 -15 5 25 45 65 85 105 125 
T - TEMPERATURE (°C) 
V - NEGATIVE SUPPLY (VOLTS) 
SWITCHING TIME AND BREAK BEFORE MAKE TIME vs. INPUT SWITCHING TIME THRESHOLD vs. 
POSITIVE SUPPLY VOLTAGE POSITIVE SUPPLY VOLTAGE 


g HI-304 thru HI-307 


VTH - INPUT SWITCHING THRESHOLD 
VOLTAGE (VOLTS) 


tONAOFF/ABBM -SWITCHING TIME/ 
BREAK-BEFORE-MAKE TIME (us) 


i ne ee 
ae 

phn | 
el gd aa (aaa 


0 5 10 15 
V+ POSITIVE SUPPLY (V) 


V+ POSITIVE SUPPLY VOLTAGE (VOLTS) 
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Features 


e This Circuit is Processed in Accordance to Mil-Std- 
883 and is Fully Conformant Under the Provisions of 
Paragraph 1.2.1. 


e Analog Signal Range (+15V Supplies) ................. +15V 
© Low Leakage (+25°9C)............cccssssssssssccsesesssees 1nA (Max) 
© Low Leakage (+1250C).........ccssscsssssssesscssees 100nA (Max) 
© Low ON Resistance.............ssscsscccssssssscssereeseess 502 (Max) 
© Care IOC ONS sidcisccnncvccsnscocccdeccertasasnsscaztusiny 30pC (Typ) 


© TTL Compatible 

e Symmetrical Switch Elements 
@ Low Operating Power 

¢ Compatible with DG302 


Applications 


e Sample and Hold, i.e. Low Leakage Switching 

© Op Amp Gain Switching, i.e. Low ON Resistance 
e Portable, Battery Operated Circuits 

e Low Level Switching Circuits 

e Dual or Single Supply Systems 


Pinout 


Hi-302/883 


Dual DPST CMOS Analog Switch 


Description 


The HI-302/883 switch is a monolithic device fabricated 
using CMOS technology and the Harris Dielectric Isola- 
tion process. This switch features low and nearly constant 
ON resistance over the full analog signal range, and low 
power dissipation. 


The HI-302/883 is TTL compatible and has a logic “0” 
condition with an input less than 0.8V and a logic “1” 
condition with an input greater than 4.0V. 


The HI-302/883 is pin-for-pin compatible with the 
industry standard Siliconix DG302. The device is 
available in a 14 pin Ceramic DIP. The HI!-302/883 
operates over the -55°9C to +1250C temperature range. 


H11-302/883 (CERAMIC DIP) 
TOP VIEW 


GND 


LOGIC SWITCH 


0 OFF 
1 ON 
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Specifications HI-302/883 


Absolute Maximum Ratings Thermal Information 
Voltage Between V+ and V- Terminals. ...........+++eeeeeee 44V Thermal Resistance Bia Bic 
tVSUPPLY to Ground (V-6,.V=) oon ec nes sieneee sane sen mhe +22V Ceramic DIP Package .............++.. 88°C/W = 24°9C/W 
Analog Input Voltage +Vs...........00- eee ees +Vsyppiy +1.5V Package Power Dissipation at +75°C 
Pere cailac teed taeat ee -VsupPLy -1.5V Cpt DIP PACKGOG 6.6 oof tesa cn tecsbedad geet ese se 0.85W 
Digital Input Voltage +VA ....... cece cece eeeeees +Vsyppiy +4V Package Power Dissipation Derating Factor Above +75°C 
Ceramic: DIP-Package vies s civic eve cs cc eeeiss 11.36mW/°C 
PN ics Kewtadie ss t's als aaieee tate -VSUPPLY -4V 
Peak Current (S or D) 
(Pulse at 1ms, 10% Duty Cycle Max) .......-..2eeeeeeee 40mA 
i saat oo eS e, dea oar vee oe s ria CAUTION: Absolute maximum ratings are limiting values, applied 
o seockc saan ehar-ete, eagle Aideeedetmtat jeg habs ebalatac tenes Seats individually, beyond which the serviceability of the circuit may be impaired. 
Storage Temperature Range ...........+.+++5 -65°C to+150°C — Functional operability under any of these conditions is not necessarily 
Lead Temperature (Soldering 10 S@C)...........eee eens <275°C _ implied. 


Recommended Operating Conditions 


Operating Temperature Range ............... 55°C to +1259G .. .Logic-Low Level.(Viag ) <aic 6s se sicdie's cee cccceccccnces OV to 0.8V 
Operating Supply Voltage (EVSUPPLY)----- +++ -e eee eee ees +15V - Logic High Level (Vapi)... 2... cece ccc ccc wnces 4.0V to +VsuPPLY 
Analog Input Voltage (Vs)... .. eee ee eee e ee eee cence +VSUPPLY 


TABLE 1. D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 
Device Tested at: +VsupPLy = +15V, -VSUPPLY = -15V, GND = OV, Unless Otherwise Specified 


D.C. GROUP A LIMITS 
PARAMETERS | SYMBOL CONDITIONS SUBGROUPS | TEMPERATURE | MIN | MAX | UNITS 


Resistance S1/S2/S3/S4 ~559C to +1259C 75 g z 
Va = 4.0V, Vo = -10V, Ig = 10mA +250C z 2 

Pearce -550C to +125°C 75 - = 

Source “OFF” +25°C A = a 


Leakage Current -55°C to +125°C 


+25°C 
-559C to +125°C 
+25°9C 
-559C to +125°C 
+25°C 
-55°9C to +125°9C 
+25°9C 
-55°C to +125°C 
+25°9C 
-55°C to +125°9C 
+25°9C 
-55°C to +125°C 
+25°C =10 
-55°C to +125°C 
+25°9C 
2,3 -55°C to +125°9C 
+25°9C 
-559C to +125°C 
+25°9C 
-559C to +125°9C 
+25°9C 
-559C to +1259C 


> 


IS(OFF) | VS =+14V, Vp = -14V, Va = 0.8V 
$1/S2/S3/S4 

Vs = -14V, Vp = +14V, Va = 0.8V 
$1/S2/S3/S4 

ID(OFF) | VS =+14V, Vp =-14V, Va = 0.8V 
$1/S2/S3/S4 

Vs = -14V, Vp = +14V, Va = 0.8V 
$1/S2/S3/S4 


ID(ON) Vp = Vs = + 14V, Va = 4.0V 
$1/S2/S3/S4 

Vp = Vs = +14V, Va = 4.0V 
$1/S2/S3/S4 


Drain “OFF” 
Leakage Current 


° 
> 


le 
oO 


S 
> 


-100 100 


I 
=_ 


> 


Channel “ON” 
Leakage Current 


Low Level Input 
Current 


High Level Input 
Current 


rr 
oO 
fe) 


“ae 
oO 


-100 100 


All Channels Va = 0.8V 


TAL 
IAH 
+loc All Channels Va = 0.8V 
Vai = OV, Vao = 4.0V and 
Vai = 4.0V, Vao = OV 
-Icc All Channels Va = 0.8V 
Vai = OV, Vao = 4.0V and 
Vai = 4.0V, Vago = OV 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 


All Channels Va = 4.0V 


Supply Current 


100 


Supply Current 
-100 


-100 


PEPPER 
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HI-302/883 


TABLE 2. A.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 
Device Tested at: +Vsyppiy = +15V, -Vsyuppiy = -15V, GND = OV, Unless Otherwise Specified 


PARAMETERS SYMBOL CONDITIONS TEMPERATURE 


ee eed = 
ee | ae ocak 
ee eo = 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (NOTE 1) 


GROUP A 
SUBGROUPS 


Turn “OFF” Time 


Device Characterized at: +Vsyppyy = +15V, -Vsuppiy = -15V, GND = OV, Unless Otherwise Specified 


PARAMETERS SYMBOL CONDITIONS 
Switch Input Cis(OFF) | Measured Source to GND +25°9C 
Capacitance 


Driver Input Coy. ke Vamov 
Capacitance 
: 


Capacitance 


NOTE 1. Parameters listed in Table 3 are controlled via design or process parameters and are not directly tested at final production. These parameters are lab 
characterized upon initial design release, or upon design changes. These parameters are guaranteed by characterization based upon data from 
multiple production runs which reflect lot to lot and within lot variation. 


oa 


TABLE 4. ELECTRICAL TEST REQUIREMENTS 


MIL-STD-883 TEST REQUIREMENTS SUBGROUPS (SEE TABLES 1 & 2) 


Group A Test Requirements 1.2.0.8. 10.14 


* PDA applies to Subgroup 1 only. 
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HI-302/883 


Test Circuits 
INPUT LEAKAGE CURRENT ID(OFF) IS(OFF) 


+Vcc +Vcc 


ID(ON) SUPPLY CURRENTS CHARGE TRANSFER ERROR 


TO MEASUREMENT O 
CIRCUITRY WITH INPUT On 
RESISTANCE OF 1MQ2 z ul 
Ss OR GREATER > rT 
= DRIVER = = oO 
f = 1HKz Ee 
SQUARE WAVE | !F PULSE TEST IS USED: w = 
TR <20ns TR.TF <20ns O 
s i?) 
O 


Vin (DRIVER) >< 


DROOP CAUSED BY 
DEVICE LEAKAGE 
AND MEASUREMENT 
CIRCUITRY 


SWITCHING TRANSIENT 


NOTE: VoTE may be a positive or negative value 


CROSSTALK 
Ros OFF CHANNEL ISOLATION BETWEEN CHANNELS 


VGEN = 'Vp-p 


VGEN = 1Vp- 
Gen * ter KO 


For Detail Information Refer to HI-302/883 Test Tech Brief 
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——— ee 


HI-302/883 
Test Waveforms 


+15V 


V+ 


Vo 
SWITCH 
OUTPUT 


LOGIC ‘1’°= SWITCH ON 
LOGIC VINH 


INPUT 50% 50% 


NOTES: 

1. Ry = 300N: Cy = 33pF 

2. VINH = 4V 
RISETIME (0.4V to 3.6V) < 20ns 
FALLTIME (3.6V to 0.4V) < 20ns 
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HI-302/883 


Burn-Iln Circuit 


HI-302/883 CERAMIC DIP 


D 


D2 


o 
ai 
<> 
20 
<p- 
NOTES: nS 
Ry = Ro = Rg = Rg = 10KQ, 5%, 1/4 or 1/2 watt La 
C1 = Co = 0.01uF (per socket) or 0.1uF (per row) oO 


D = Dp = IN4002 (per board) 
|(V+) - (V-)| = 30V 
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HI-302/883 


Schematic Diagram 


DIGITAL INPUT BUFFER AND LEVEL SHIFTER 


V+ 


LOGIC INO 


SWITCH CELL 
DRIVER 
(ONE PER SWITCH CELL) 


SWITCH CELL 


4-74 


HI-302/883 


Die Characteristics 


DIE DIMENSIONS: 
76 x 83.9 x 19 mils 
METALLIZATION: 
Type: Aluminum 
Thickness: 16kA + 2kA 
GLASSIVATION: 
Type: Nitride 
Thickness: 7kA + 0.7kA 
DIE ATTACH: 
Material: Gold/Silicon Eutectic Alloy 
Temperature: Ceramic DIP — 460°C (Max) 
WORST CASE CURRENT DENSITY: 
3.9 x 10°A/cm2 at 30mA 
This device meets. Glassivation Integrity Test 
requirement per Mil-Std-883 Method 2021 and 
Mil-M-38510 paragraph 3.5.5.4. 


Metallization Mask Layout 
HI-302/883 


D4 Wy) S2 IN2 
we 11-410 


CMOS ANALOG 
SWITCHES 
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HI-302/883 


Packaging t 
14 PIN CERAMIC DIP 


al 


* INCREASE MAX LIMIT BY .003 INCHES 
MEASURED AT CENTER OF FLAT FOR 
SOLDER FINISH 


LEAD MATERIAL: Type B INTERNAL LEAD WIRE: 

LEAD FINISH: Type A Material: Aluminum 

PACKAGE MATERIAL: Ceramic, 90% Alumina Diameter: 1.25 Mil 

PACKAGE SEAL: Bonding Method: Ultrasonic 
Material: Glass Frit COMPLIANT OUTLINE: 38510 D-1 


Temperature: 450°C + 109°C 
Method: Furnace Seal 


NOTE: All Dimensions are ar , Dimensions are in inches. t Mil-M-38510 Compliant Materials, Finishes, and Dimensions. 
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Ga HARRIS 1-302 


DESIGN INFORMATION 
Dual DPST CMOS Analog Switch 


The information contained in this section has been developed through characterization by Harris Semiconductor and is 
for use as application and design data only. No guarantee is implied. 


Typical Performance Characteristics Unless Otherwise Specified: V+ = +15V, V- = -15V, Ta = +259C 


RDS(ON) VS: Vp AND TEMPERATURE RDS(ON) V8. Vp AND POWER SUPPLY VOLTAGE 


A V+=+15V, V-=-15V 
B V+=+10V, V-=-10V 
C V+=+7.5V, V-=-7.5V 
D V+=+5V, V+=+5V 


Rps(ON) - DRAIN TO SOURCE ON 
RESISTANCE (OHMS) 
Rps(ON)- DRAIN TO SOURCE ON 
RESISTANCE (OHMS) 


Vp - DRAIN VOLTAGE (VOLTS) Vp - DRAIN VOLTAGE (VOLTS) 


DEVICE POWER DISSIPATION vs. 


1 
sd V+ = +15V, V- = -15V 
CLOAD = 3pF 
Vs = 1VRMS 


O 
SWITCHING FREQUENCY SIGNAL LOGIC INPUT OFF ISOLATION vs. FREQUENCY ° w 
Ww 
= = 
= SO 
a a 
z 2S 
Pe 3% 
3 O 
tip Sa 
3 


f - FREQUENCY (Hz) 


Pd - POWER DISSIPATION (mW) 


10K 100K 1M 


LOGIC SWITCHING FREQUENCY (Hz) 
50% DUTY CYCLE 


IS(OFF) Or ID(OFF) vs. TEMPERATURE* ID(ON) V8. TEMPERATURE* 


DRAIN OFF LEAKAGE CURRENT (nA) 
S rset 
~ FE) 


Is(OFF) OR Ip(oFF) - SOURCE OR 
Ip(ON) - CHANNEL LEAKAGE 
LEAKAGE (nA) 


TEMPERATURE - °C T - TEMPERATURE (°C) 


* The net leakage into the source or drain is the N-channel leakage minus the P-channel leakage. This difference can be positive, negative, or zero 
depending on the analog voltage and temperature, and will vary greatly from unit to unit. 
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HI-302 


DESIGN INFORMATION (Continued) 


The information contained in this section has been developed through characterization by Harris Semiconductor and is 
for use as application and design data only. No guarantee is implied. 


Typical Performance Characteristics Unless Otherwise Specified: V+ = +15V, V- = -15V, Ta = +250C 


OUTPUT ON CAPACITANCE vs. DRAIN VOLTAGE DIGITAL INPUT CAPACITANCE vs. INPUT VOLTAGE 


~~ 
o 
_ 
oa 


ras se 
— 7s 
w & 
o 
z rr} 
< 60 z 12 
o - 
< 3 
< ‘a = g |__ TRANSITION (INDETERMINATE 
z 3 DUE TO ACTIVE INPUT) oh, 
= = HI-300 thru HI-303 
a. oe r 
5 30 er ce eee oP ees oe ee, 
3S a Cl Se oe 
1 oe 
z 7 HI-304 thru HI-307 
a TRANSITION 
6 264.6 840: 12 ‘14 16 @ 2-41.88 12-14 18 
Vp - DRAIN VOLTAGE (VOLTS) Vin - INPUT VOLTAGE (VOLTS) 
SWITCHING TIME vs. TEMPERATURE SWITCHING TIME vs. NEGATIVE SUPPLY VOLTAGE 
300 
V+= +15V 
V- = -15V Ss. 
2 VINH = 4.0V w 
S 200 te 
= 2 
S 3 
z = 
o 
= 100 & 
iS “ 
<4 
5 Ta = 25°C 
6 ViINH =4V 
-55 -35 -15 5 25 45 65 85 105 125 VINL = 0V 
T - TEMPERATURE (0C) 
0 5 10 15 
V - NEGATIVE SUPPLY (VOLTS) 
SWITCHING TIME AND BREAK BEFORE MAKE TIME vs. INPUT SWITCHING TIME THRESHOLD vs. 
POSITIVE SUPPLY VOLTAGE POSITIVE SUPPLY VOLTAGE 


LS 
ee 


er nt 
. eaeatantatatentctenaetes 


BR 
m2 


AOR PIPPIN REE 


VTH - INPUT SWITCHING THRESHOLD 
VOLTAGE (VOLTS) 


tONAOFF/ABBM -SWITCHING TIME/ 
BREAK-BEFORE-MAKE TIME (us) 


V+ POSITIVE SUPPLY VOLTAGE (VOLTS) 


V+ POSITIVE SUPPLY (V) 
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Features 


e This Circuit is Processed in Accordance to Mil-Std- 
883 and is Fully Conformant Under the Provisions of 
Paragraph 1.2.1. 


e Analog Signal Range (1+15V Supplies)................. +15V 
© Low Leakage (+259C).......ccsscssssssssssssessesssseses 1nA (Max) 
© Low Leakage (+125°C)...........ccssssssessssorees 100nA (Max) 
© Low ON Resistance.............scsssssscsssssessssesssneres 5020 (Max) 
© Charge Injection. .........cssccccsccssssscsscssssssssssssees 30pC (Typ) 


e TTL Compatible 

e Symmetrical Switch Elements 
e Low Operating Power 

e Compatible with DG303 


Applications 


@ Sample and Hold, i.e. Low Leakage Switching 

e Op Amp Gain Switching, i.e. Low ON Resistance 
e Portable, Battery Operated Circuits 

@ Low Level Switching Circuits 

e Dual or Single Supply Systems 


Pinout 


H11-303/883 (CERAMIC DIP) 
TOP VIEW 


Hi-303/883 


Dual SPDT CMOS Analog Switch 


Description 


The HI-303/883 switch is ‘a monolithic device fabricated 
using. CMOS technology and the Harris Dielectric lsola- 
tion process. This switch features break-before-make 
switching, low and nearly constant ON resistance over the 
full analog signal range, and low power dissipation. 


The HI-303/883 is TTL compatible and has a logic “0” 
condition with an input less than 0.8V and a logic “1” 
condition with an input greater than 4.0V. 


The HI-303/883 is pin-for-pin compatible with the 
industry standard Siliconix DG303. The device is 
available in a 14 pin Ceramic DIP. The HI-303/883 
operates over the -55°C to +125°C temperature range. 
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CMOS ANALOG 
SWITCHES 


Specifications HI-303/883 


Absolute Maximum Ratings | 

Voltage Between V+ and V- Terminals..............e0ceeees 
+VsSUPPLy to Ground (V+, V-) +22V 
Analog Input Voltage +Vs......... cc. eee eeeee +VsSuUPPLY +1.5V 


WS oy Heh as. EELS -VSUPPLY -1.5V 
DigitalinputVOnage TVA Sse aces cece cttee se +VsupPLy +4V 
OM res Bis ae kme nd iota s 3'608 was -VSUPPLY -4V 

Peak Current (S or D) 

(Pulse at 1ms, 10% Duty Cycle Max) ............c0eeees 40mA 
REVERT RRED Ie REMIT HSSEE 3 av 9-0 ose edin Ne gcse AO ae ea wees 30mA 
JRITIGOOIY POITERRIEIN OR ca ss sce ates oot Sta ane nie ees +1759C 
Storage Temperature Range ................. -65°C to +150°C 
Lead Temperature (Soldering 10 sec)............000 eee <275°9C 


Thermal Information 


Thermal Resistance 
Ceramic DIP Package 
Package Power Dissipation at +75°C 
OT TI PCG 2 gs 2S 0.0 2 sos bow eee 625 oe net neee pad 0.85W 
Package Power Dissipation Derating Factor Above +75°C 
Ceramic DIP Package 11.36mW/°C 


8ja Bic 
88°C/W 24°9C/W 


CAUTION: Absolute maximum ratings are limiting values, applied 
individually, beyond which the serviceability of the circuit may be impaired. 
Functional operability under any of these conditions is not necessarily 
implied. 


Recommended Operating Conditions 

Operating Temperature Range -559C to +125°C 
Operating Supply Voltage (ELVSUPPLy)..--.-. eee e eee eee +15V 
Analog Input Voltage (Vs)....... Pipes ia de'd ah tint epi ales +VSUPPLY 


Logic Low Level (Va, ) OV to 0.8V 
CRIA ON (VA Ls) 5 ons :5 occ sicte c's oe acs tng 4.0V to +VsuPPLy 


TABLE 1. D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 
Device Tested at: +VsuppLy = +15V, -VsyuppLy = -15V, GND = OV, Unless Otherwise Specified 


D.C. 


PARAMETERS CONDITIONS 


SYMBOL 


Switch “ON” 
Resistance 


Vai = 4.0V, Vp = 10V, Is =-10mA 
VA2=0.8V S1/S2/S3/S4 


Vai = 0.8V, Vp = -10V, Ig = 10mA 
Va2=4.0V $1/S2/S3/S4 


Source “OFF” 
Leakage Current 


Vs = +14V, Vo = -14V, Vay =0.8V 
Va2=4.0V S1/S2/S3/S4 


Vs = -14V, Vp = +14V, Vaq = 4.0V 
Va2=0.8V S$1/S2/S3/S4 


Drain “OFF” 
Leakage Current 


Vs = +14V, Vp = -14V, Vaq = 0.8V 
Va2=4.0V $1/S2/S3/S4 


Vs = -14V, Vp = +14V, Vaz = 4.0V 
VA2=0.8V S1/S2/S3/S4 


Channel “ON” 
Leakage Current 


Vp = Vs = +14V, Vaz = 4.0V 
Vao=0.8V $1/S2/S3/S4 


Vp = Vs =-14V, Vaz =0.8V 
Va2=4.0V S1/S2/S3/S4 


Supply Current 


Vai = OV, Vao = 4.0V and 
Vai = 4.0V, Vao = OV 


Supply Current 


Vai = OV, Vao = 4.0V and 
Vai = 4.0V, Van = OV 


Low Level Input IAL All Channels Va, = 0.8V 
Current 

High Level Input IAH All Channels Vay = 4.0V 
Current 

All Channels Va = 0.8V 


All Channels Va = 0.8V 


LIMITS 


GROUP A 
SUBGROUPS 


TEMPERATURE UNITS 


+25°C 
-559C to +125°C 
+25°C 
-55°C to +125°C 
+25°9C 
-55°9C to +125°9C 
+25°C 
-559C to +1259C 
+25°9C 
-55°C to +125°C 
+250C 
-55°9C to +125°C 
+25°C 
-55°C to +125°C 
+25°C 
-§5°9C to +125°9C 
+250C 
-§5°C to +125°C 
+25°C 
-559C to +1259C 
+25°C 
-55°C to +125°C 
+25°C 
-55°C to +125°C 
+25°C 
-55°C to +125°C 
+25°C 
-55°9C to +125°9C 


75 
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CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
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HI-302/883 


TABLE 2. A.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 
Device Tested at: +Vsuppiy = +15V, -VsSUPPLY = -15V, GND = OV, Unless Otherwise Specified 


GROUP A 
SUBGROUPS | TEMPERATURE 


-§5°C, +125°C 
-559C, +125°C 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (NOTE 1) 


Turn “ON” Time 


Device Characterized at: +Vsyuppiy = +15V, -VsyuppLy = -15V, GND = OV, Unless Otherwise Specified 


Switch Input Cis(OFF) | Measured Source to GND +25°9C 
Capacitance 


Capacitance oO 
= 
Switch Output Cos Measured Drain to GND +25°C = © 
Capacitance ” > 
2% 

= 

0 


Charge Transfer VCTE Vs = GND, Cy = 0.01 pF 


NOTE 1. Parameters listed in Table 3 are controlled via design or process parameters and are not directly tested at final production. These parameters are lab 
characterized upon initial design release, or upon design changes. These parameters are guaranteed by characterization based upon data from 
multiple production runs which reflect lot to lot and within lot variation. 


+25°9C 


TABLE 4. ELECTRICAL TEST REQUIREMENTS 


MIL-STD-883 TEST REQUIREMENTS SUBGROUPS (SEE TABLES 1 & 2) 
Interim Electrical Parameters (Pre Burn-in) 2 ee 
Final Electrical Test Parameters 1", 2,3, 9,10;'11 


Group A Test Requirements 1,2, 3, 9, 10, 11 


* PDA applies to Subgroup 1 only. 
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H1-303/883 


Test Circuits 
INPUT LEAKAGE CURRENT 


ID(OFF) IS(OFF) 


+Vec 


ID(ON) SUPPLY CURRENTS CHARGE TRANSFER ERROR 


TO MEASUREMENT 
CIRCUITRY WITH INPUT 
RESISTANCE OF 1MQ2 


: OR GREATER 
= DRIVER a 
f= 1HKz 
SQUARE WAVE { !F PULSE TEST IS USED: 
TR <20ns TR,TF <20ns 


0 0 Vin (DRIVER) < 


VCTE 


DROOP CAUSED BY 
DEVICE LEAKAGE 
AND MEASUREMENT 
CIRCUITRY 


SWITCHING TRANSIENT 


NOTE: VcoTE may be a positive or negative value 


CROSSTALK 
BETWEEN CHANNELS 


Rps OFF CHANNEL ISOLATION 


VGEN = 1Vp-p 
VGEN = 1Vp-p 


1KQ) 
f = 1MHz 


For Detail Information Refer to HI-303/883 Test Tech Brief 
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Test Waveforms 


LOGIC “1” = SWITCH ON 


LOGIC Vinw 
INPUT 50% 50% 
ov j 
| 


| 
Vs | 


1 Jr 
" et Nie 
swiTcH i | | | 
OUTPUT 14 | | 
} ot ; 
| 
—altonbe— -e} orR 
NOTES: 
1. RL = Rit = RL2 = 3000; Cy = CL1 = C2 = 33pF 
2. ViINH = 4V 


RISETIME (0.4V to 3.6V) = 20ns 
FALLTIME (3.6V to 0.4V) = 20ns 


HI-303/883 


% 
Vsi=+3Vv ©O 
82 
Vs2=+3V © 


LOGIC “1” = SWITCH ON 


INPUT ViMH | | 
ov 


LoGic 


CMOS ANALOG 
SWITCHES 


H1I-303/883 


Burn-In Circuit 
HI-303/883 CERAMIC DIP 


a 
a 
7 
10 

=a 


NOTES: 

Ry = Ro = Rg = Rg = 10K, 5%, 1/4 or 1/2 watt 
C1 = Co = 0.01uF (per socket) or 0.1uF (per row) 
D; = Dg = IN4002 (per board) 

|(V+) - (V-)| = 30V 
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HI-303/883 


Schematic Diagram 


DIGITAL INPUT BUFFER AND LEVEL SHIFTER 


V+ 


LOGIC INO 


SWITCH CELL 
DRIVER 
(OWE PER SWITCH CELL) 


SWITCH CELL 


CMOS ANALOG 
SWITCHES 


4-85 


HI-303/883 


Die Characteristics 


DIE DIMENSIONS: 
76 x 83.9 x 19 mils 


METALLIZATION: 
Type: Aluminum 
Thickness: 16kA + 2kA 


GLASSIVATION: 
Type: Nitride 
Thickness: 7kA + 0.7kA 
DIE ATTACH: 
Material: Gold/Silicon Eutectic Alloy 
Temperature: Ceramic DIP — 460°C (Max) 


WORST CASE CURRENT DENSITY: 
3.9 x 10°A/cm2 at 30mA 
This device meets Glassivation Integrity Test 
requirement per Mil-Std-883 Method 2021 and 
Mil-M-38510 paragraph 3.5.5.4. 


Metallization Mask Layout 


HI-303/883 
D4 D2 NY) INQ 
Ir 12 HARRIS 11 132600 10 
$4 3 — — we ae | | e 
ve ep \V- 


D3 D4 $1 
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HI-303/883 


Packaging‘ 
14 PIN CERAMIC DIP 


we 


* INCREASE MAX LIMIT BY .003 INCHES 
MEASURED AT CENTER OF FLAT FOR 


SOLDER FINISH 
LEAD MATERIAL: Type B INTERNAL LEAD WIRE: 
LEAD FINISH: Type A Material: Aluminum 
PACKAGE MATERIAL: Ceramic, 90% Alumina Diameter: 1.25 Mil 
PACKAGE SEAL: Bonding Method: Ultrasonic 2 
Material: Glass Frit COMPLIANT OUTLINE: 38510 D-1 Z 4 
Temperature: 450°C + 10°C 26 
Method: Furnace Seal pe = 
o> 
su” 
oO 
NOTE: All Dimensions are ald , Dimensions are in inches. t Mil-M-38510 Compliant Materials, Finishes, and Dimensions. 
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Gg? HARRIS 
DESIGN INFORMATION 


1-303 


Dual SPDT CMOS Analog Switch 


The information contained in this section has been developed through characterization by Harris Semiconductor and is 
for use as application and design data only. No guarantee is implied. 


Typical Performance Characteristics Unless Otherwise Specified: V+ = +15V, V- = -15V, Ta = +25°C 


Rps(ON) Vs. Vp AND TEMPERATURE 


Rps(ON) - DRAIN TO SOURCE ON 
RESISTANCE (OHMS) 


Vp - DRAIN VOLTAGE (VOLTS) 


DEVICE POWER DISSIPATION vs. 
SWITCHING FREQUENCY SIGNAL LOGIC INPUT 


100 _—— 
Ee STSTISS Ss Ce Ss ee 
SS a sel CST 
BES SEG EE: eee ee 

ES SE | es a 4 

pee Sa ae 


—_ 
iJ 


Pd - POWER DISSIPATION (mW) 
& 


—t—4 
Son eae 
Beat baa 
Bi Bee Bxihae 
Pe ie | & 2 ee 
wero m [ | 
1 10 100 1K 10K 100K 1M 


LOGIC SWITCHING FREQUENCY (Hz) 
50% DUTY CYCLE 


IS(OFF) OF ID(OFF) vs. TEMPERATURE“ 


10.0 


V+=+15V 
V-=-15V 


NU 
il 
Lilt 


Ri 


DRAIN OFF LEAKAGE CURRENT (nA) 


o 
_ 


Is(OFF) OR Ip(oFF) - SOURCE OR 


TEMPERATURE - °C 


RDS(ON) Ys. Vp AND POWER SUPPLY VOLTAGE 


Rps(on)- ORAIN TO SOURCE ON 


|Vs/Vp| - OFF ISOLATION (dB) 


RESISTANCE (OHMS) 


oe 


2 


A V+=+15V, V-=-15V 
B V+=+10V, V-=-10V 
C V+=+7.5V, V-=-7.5V 
D V+=+5V, V+=+5V 


Vp - ORAIN VOLTAGE (VOLTS) 


OFF ISOLATION vs. FREQUENCY 


ip(om) - CHANNEL LEAKAGE 
LEAKAGE (nA) 


PN | ieo@lensnnd ? apie 
ae 


Rewer [ 
es 


Ry =1KQ = 


! 
‘ V+ = +15V, V- = -15V 
CLOAD = 3pF 
Vs= 1VRMS 


f - FREQUENCY (Hz) 


ID(ON) V8- TEMPERATURE* 


10.0 


- 
o 


V+= 15V 
V- = -15V 
|Vol=|Vs|= 14 


T - TEMPERATURE (°C) 


* The net leakage into the source or drain is the N-channel leakage minus the P-channel leakage. This difference can be positive, negative, or zero 
depending on the analog voltage and temperature, and will vary greatly from unit to unit. 
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HI-303 


DESIGN INFORMATION (continued) 


The information contained in this section has been developed through characterization by Harris Semiconductor and is 
for use as application and design data only. No guarantee is implied. 


Typical Performance Characteristics Unless Otherwise Specified: V+ = +15V, V- = -15V, Ta = +25°C 


OUTPUT ON CAPACITANCE vs. DRAIN VOLTAGE DIGITAL INPUT CAPACITANCE vs. INPUT VOLTAGE 
70 


TRANSITION (INDETERMINATE 


DUE TO lias ee ' 
HI-300 thru HI-303 
30 


Cpon - OUTPUT ON CAPACITANCE (pF) 
= 
Ciy - INPUT CAPACITANCE (pF) 


20 


0 2 4 6 8 0 12 14 16 0 2 4 6 8 10 12 14 16 
Vp - DRAIN VOLTAGE (VOLTS) Vin - INPUT VOLTAGE (VOLTS) 
Oo 
SWITCHING TIME vs. TEMPERATURE SWITCHING TIME vs. NEGATIVE SUPPLY VOLTAGE ° e 
i 
300 20 
V+ = +15V = 
V- = -15V 3 os 
= VINH = 4.0V ws s 2 
= 200 - 
= z 
z fe 
= = 
ec FA 
= 100 
& : 
~ oS 
z= 
5 Ta = 259C 
0 VINH = 4V 
-55 -35 -15 5 25 45 65 85 105 125 VINE = OV 
T - TEMPERATURE (°C) 
V - NEGATIVE SUPPLY (VOLTS) 
SWITCHING TIME AND BREAK BEFORE MAKE TIME vs. INPUT SWITCHING TIME THRESHOLD vs. 
POSITIVE SUPPLY VOLTAGE POSITIVE SUPPLY VOLTAGE 
1.8 7 


HI-304 thru HI-307 


V- = -15V 43 


Ta = 25°C Fae 


mPa 
Rec 2 Sees ool 
es 


Hi-300 thru HI-303 


VTH - INPUT SWITCHING THRESHOLD 
VOLTAGE (VOLTS) 


tON/AOFF/ABBM -SWITCHING TIME/ 
BREAK-BEFORE-MAKE TIME (us) 


V+ POSITIVE SUPPLY VOLTAGE (VOLTS) 


V+ POSITIVE SUPPLY (V) 
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GG? HARRIS 


Hi-304/883 


January 1989 Dual SPST CMOS Analog Switch 


Features Description 


¢ This Circuit is Processed in Accordance to Mil-Std- The HI-304/883 switch is a monolithic device fabricated 
883 and is Fully Conformant Under the Provisions of using CMOS technology and the Harris Dielectric Isola- 


Paragraph 1.2.1. tion process. This switch features low and nearly constant 


Analog Signal Range (+15V Supplies) ON resistance over the full analog signal range, and low 

Low Leakage (+25°C) 1nA (Max) power dissipation. 

Low Leakage (+125°C) 100nA (Max) 

Low ON Resistance 500 (Max) =! he HI-304/883 is CMOS compatible and has a logic “0” 

Charge Injection 30pC (Typ) condition with an input less than 3.5V and a logic “1” 
° CMOS Compatible condition with an input greater than 11V. 


° Symmetrical Switch Elements The HI-304/883 is pin-for-pin compatible with the 


e Low Operating Power industry standard Siliconix DG304. The device is 

¢ Compatible with DG304 available in a 14 pin Ceramic DIP and in a 10 pin Metal 
. . : : = -550 + oO 

Applications Can. The HI-304/883 operates over the -559C to +1259C 


temperature range. 
¢ Sample and Hold, i.e. Low Leakage Switching 


e Op Amp Gain Switching, i.e. Low ON Resistance 
e Portable, Battery Operated Circuits 

e Low Level Switching Circuits 

e Dual or Single Supply Systems 


Pinouts 
HI1-304/883 (CERAMIC DIP) HI2-304/883 (METAL CAN) 
TOP VIEW TOP VIEW 


“The substrate and case are internally tied to V-. (The 
case should not be used as the V- connection, however.) 
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Specifications HI-304/883 


Absolute Maximum Ratings 


Voltage Between V+ and V- Terminals. .......-0:seeeeee eee 44V 
+VSUPPLY to Ground (V+, V-) ..... esse cece reece eee eens +22V 
Analog Input Voltage +VsS........ eee eee eee +VsSUPPLY +1.5V 
OM crvdecccesenencseseus -VSUPPLY -1.5V 
Digital Input Voltage +VA .....-- eee eee eee ee ees +VsupPLy +4V 
oo / CRERE RRR ER RAT KOA Kok i -VSUPPLY -4V 

Peak Current (S or D) 

(Pulse at 1ms, 10% Duty Cycle Max) ..........-eeeeeees 40mA 
Continuolis CUITONE:...... ccc cnceactsdescacc decndencecente 30mA 
Junction Temperature ..... cc ccc cs ccccccccccncsccccece +175°C 
Storage Temperature Range ...........--.55- -65°9C to +150°C 
Lead Temperature (Soldering 10 S€C)...... 26. e cece eee <275°9C 


Thermal Information 

Thermal Resistance Bia Bic 
Ceramic DIP Package ............+000. 98°C/W 300C/W 
Metal Can PaCkaGe .. scp. ccs ccccccctes 1179C/W-35°C/W 

Package Power Dissipation at +75°C 


Ceramic DIP Package .......ssccncccccccccncceveccess 0.77W 
Metal Can Package .... 2. -cesescenccnc cee eeasanenneee 0.64W 
Package Power Dissipation Derating Factor Above +75°9C 
Ceramic DIP. PAGHAGG ic ch veces casas cccu cscs 10.32mW/°C 
Malal: Can PAGKEGO fescb ida tists cilestuscdvases 8.56mMW/°C 


CAUTION: Absolute maximum ratings are limiting values, applied 
individually, beyond which the serviceability of the circuit may be impaired. 
Functional operability under any of these conditions is not necessarily 
implied. 


Recommended Operating Conditions 


Operating Temperature Range ............... -55°C to +125°9C 
Operating Supply Voltage (LVSUPPLY)-- +--+ ee eee eee eee +15V 
Analog Input Voltage (Vg)... 2... eee e ee ee cece rece +VSUPPLY 


Logic Low Level (VAL) ....--ccecccscsccecscscccecces OV to 3.5V 
Logic High Level (VAp})...--- cece e eee ceeeeens 11V to +VSUPPLY 


TABLE 1. D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 
Device Tested at: +VsyppLy = +15V, -VSUPPLY = -15V, GND = OV, Unless Otherwise Specified 


CONDITIONS 


iileere SYMBOL 


Switch “ON” 
Resistance 


Source “OFF” 


Leakage Current $1/S2 


Drain “OFF” 
Leakage Current 


Channel “ON” 
Leakage Current 


Vp = Vs = -14V, Va = 11V 
$1/S2 


Va =3.5V 


Supply Current 


VA =11V, Vp = 10V, Ig = -10mA 
$1/S2 
Va = 11V, Vp = -10V, Ig = 10mA 
$1/S2 
IS(OFF) | VS= +14V, Vp = -14V, Va = 3.5V 
Vs =-14V, Vp = +14V, Va = 3.5V 
$1/S2 
ID(OFF) | VS=+14V, Vp = -14V, Va = 3.5V 
$1/S2 
Vs = -14V, Vp = +14V, Va = 3.5V 
$1/S2 


Vp = Vs = +14V, Va = 11V 
$1/S2 


Te 


LIMITS 


GROUPA 
SUBGROUPS | TEMPERATURE 


ace Sa 6 ee A 

fe ed 
eres ee ee 

“2 fastcioviasee | [7 

See eer ae ee 
[2.8 Fasc 0 119596 | —100_ 

a Ud i ED 
[2.3 asec 410596 | -700_ 
alc nal eet 
Tas asec 110596 
ai 


+25°9C 


~550C to +1250C 
-55°C to +125°C 


eee 
23 | -100_| 
aa 
ai i ee 
ere 


-55°C to +125°C | -1.0 
+250C -1.0 
5 ee -1.0 

rs 
re ood 
ae eae 
ae [asc 10 10506 
fee ad 
| 28 | 
et 
eee! 


1.0 


PERLE 


-559C to +125°C 
-559C to +125°C 


SEEEDER 


em 
eee 

eae 
ee F: 
ne 
| =100 | 

=a 

[100 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
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CMOS ANALOG 


SWITCHES 


HI-304/883 


TABLE 2. A.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 
Device Tested at: +VsuppLy = +15V, -VgyuppLy = -15V, GND = OV, Unless Otherwise Specified 


PARAMETERS SYMBOL CONDITIONS 


Turn “ON” Time t(ON) 


GROUP A 
SUBGROUPS | TEMPERATURE 


Turn “OFF” Time 


-55°C, +125°9C 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (NOTE 1) 


Device Characterized at: +Vsyuppiy = +15V, -Vsyppiy = -15V, GND = OV, Unless Otherwise Specified 


LIMITS 
PARAMETERS SYMBOL CONDITIONS NOTE | TEMPERATURE | MIN. | 
Switch Input Cis(OFF) | Measured Source to GND 1 +25°9C pF 
Capacitance 


Driver Input Le Pot Va =O0V 
Capacitance 


Cot ened eer 
ca Set ao ees 
Switch Output Cos Measured Drain to GND +25°C 
Capacitance 
Vor a toe ae 


Off Isolation Viso f= 1MHz, VGEN = 1Vp-p 
Charge Transfer VCTE Vs = GND, Cy = 0.01pF 


NOTE 1. Parameters listed in Table 3 are controlled via design or process parameters and are not directly tested at final production. These parameters are lab 
characterized upon initial design release, or upon design changes. These parameters are guaranteed by characterization based upon data from 
multiple production runs which reflect lot to lot and within lot variation. 


TABLE 4. ELECTRICAL TEST REQUIREMENTS 
MIL-STD-883 TEST REQUIREMENTS 


[enarwenemn roomy 
Sen eh alse | 


Groups C &D Endpoints 


* PDA applies to Subgroup 1 only. 
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HI-304/883 


Test Circuits 


INPUT LEAKAGE CURRENT ID(OFF) IS(OFF) 


ID(ON) SUPPLY CURRENTS CHARGE TRANSFER ERROR 


TO MEASUREMENT 6) 
CIRCUITRY WITH INPUT On 
orett RESISTANCE OF 1MQ2 Ww 
: a OR GREATER <r 
— DRIVER = ZO 
f= 1HKz <_e 
SQUARE WAVE IF PULSE TEST IS USED: n= 
TR S20ns Tr.TF <20ns fe) S 
s ” 
O 


Vin (DRIVER) < 


DROOP CAUSED BY 
DEVICE LEAKAGE 
AND MEASUREMENT 
CIRCUITRY 


SWITCHING TRANSIENT 


NOTE: VcTE may be a positive or negative value 


CROSSTALK 
Ros OFF CHANNEL ISOLATION BETWEEN CHANNELS 


VGEN = !Vp-p 


For Detail Information Refer to HI-304/883 Test Tech Brief 
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HI-304/883 


Test Waveforms 


+15V 


SWITCH 
OUTPUT 


LOGIC ‘1’ = SWITCH ON 


LOGIC VINH 
INPUT 50% 50% 
OV 


1 
ov = 


| 

| 
SWITCH se 
OUTPUT | | 
| 


| 
! 
—a|ton}—— 2! torr — 


NOTES: 

1. Ry = 3002: Cy = 33pF } 

2. VINH = 15V 
RISETIME (1.5V to 13.5V) < 20ns 
FALLTIME (13.5V to 1.5V) < 20ns 
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HI-304/883 


Burn-In Circuits 
HI-304/883 CERAMIC DIP 


Pe) 
Cad 


“ 


rf 


D2 


SWITCHES 


HI-304/883 METAL CAN 


CMOS ANALOG 


NOTES: 

Ry = Ro = Rg = Rg = 10KN, + 5% (per socket) 
Cz = Co = 0.01 pF (per socket) or 0.1 uF (per row) 
Dy = Do = IN4002 or Equivalent/Board 

| (V+) - (V-) | = 30Vv 
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H1I-304/883 


Schematic Diagram 


DIGITAL INPUT BUFFER AND LEVEL SHIFTER 


V+ 


LOGIC INO 


SWITCH CELL 
DRIVER 
(ONE PER SWITCH CELL) 


SWITCH CELL 


HI-304/883 


Die Characteristics 


DIE DIMENSIONS: 
76 x 60.6 x 19 mils 


METALLIZATION: 
Type: Aluminum 
Thickness: 16kA + 2kA 


GLASSIVATION: 
Type: Nitride 
Thickness: 7kA + 0.7kA 
DIE ATTACH: 
Material: Gold/Silicon Eutectic Alloy 
Temperature: Ceramic DIP — 460°C (Max) 
Metal Can — 420°C (Max) 
WORST CASE CURRENT DENSITY: 
3.9 x 105A/cm2 at 30mA 
This device meets Glassivation Integrity Test 
requirement per Mil-Std-883 Method 2021 and 
Mil-M-38510 paragraph 3.5.5.4. 


Metallization Mask Layout 


Hi-304/883 


CMOS ANALOG 
SWITCHES 
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HI-304/883 


Packaging' 


14 PIN CERAMIC DIP 


9 
15° 


* INCREASE MAX LIMIT BY .003 INCHES 
MEASURED AT CENTER OF FLAT FOR 
SOLDER FINISH 


LEAD MATERIAL: Type B INTERNAL LEAD WIRE: 

LEAD FINISH: Type A Material: Aluminum 

PACKAGE MATERIAL: Ceramic, 90% Alumina Diameter: 1.25 Mil 

PACKAGE SEAL: Bonding Method: Ultrasonic 
Material: Glass Frit COMPLIANT OUTLINE: 38510 D-1 


Temperature: 450°C + 10°C 
Method: Furnace Seal 


10 PIN METAL CAN 


505 
P| 65 560 


335 321 
375 .325 


* Maximum Limits are Increased by 0.003 inches for Solder Dip Finish. 


LEAD MATERIAL: Type A INTERNAL LEAD WIRE: 

LEAD FINISH: Type C Material: Aluminum 

PACKAGE MATERIAL: Kovar Header with Nickel Can Diameter: 1.25 Mil 

PACKAGE SEAL: Bonding Method: Ultrasonic 
Material: No Seal Material COMPLIANT OUTLINE: 38510 A-2 


Temperature: Room Temperature 
Method: Resistance Weld 


NOTE: All Dimensions are on , Dimensions are in inches. t Mil-M-38510 Compliant Materials, Finishes, and Dimensions. 
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i HARRIS 
DESIGN INFORMATION 


1-304 


Dual SPST CMOS Analog Switch 


The information contained in this section has been developed through characterization by Harris Semiconductor and is 
for use as application and design data only. No guarantee is implied. 


Typical Performance Characteristics’ Unless Otherwise Specified: V+ = +15V, V- = -15V, Ta = +25°C 


RpS(ON) Vs. Vp AND TEMPERATURE RDS(ON) ¥8s- Vp AND POWER SUPPLY VOLTAGE 


A V+=+15V, V-=-15V 
B V+=+10V, V-=-10V 
C V+=+7.5V, V-=-7.5V 
D V+=+5V, Vt+=+5V 


Rps(ON) - DRAIN TO SOURCE ON 
RESISTANCE (OHMS) 
Rps(ON)- ORAIN TO SOURCE ON 
RESISTANCE (OHMS) 
= 


Vp - DRAIN VOLTAGE (VOLTS) Vp - DRAIN VOLTAGE (VOLTS) 


DEVICE POWER DISSIPATION vs. 


SWITCHING FREQUENCY SIGNAL LOGIC INPUT OFF ISOLATION vs. FREQUENCY 4 ” 
ka 
2 ee = 100 
—j—+ 7 ] Ei <P 
ies oan er 3" i $s 
7 a ee ee So | | 2 sd 
i. ji) Tiede : ae | 
g == o> aos 4 V+ = +15V, Ve = -15V 
- oS += + V-=- 
= — aoa a 20 CLoaD - 3pF + = 
: icon 2 Lisrtvems | . 
rr > Ee 108 106 107 108 
S 1.0 [Paves f - FREQUENCY (Hz) 
= =a) a en 
‘ = a 
mis Se 
as ee 
0.1 HI - 304 THRU HI ser ge 
1 10 100° 1K 10K 100K 1M 
LOGIC SWITCHING FREQUENCY (Hz) 
50% DUTY CYCLE 
IS(OFF) °F ID(OFF) VS- TEMPERATURE* ID(ON) VS. TEMPERATURE* 
? 
a4 =i 
fz s 
oe = 


TEMPERATURE - °C T - TEMPERATURE (°C) 


* The net leakage into the source or drain is the N-channel leakage minus the P-channel leakage. This difference can be positive, negative, or zero 
depending on the analog voltage and temperature, and will vary greatly from unit to unit. 
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HI-304 
DESIGN INFORMATION (continued) 


The information contained in this section has been developed through characterization by Harris Semiconductor and is 
for use as application and design data only. No guarantee is implied. 


Typical Performance Characteristics Unless Otherwise Specified: V+ = +15V, V- = -15V, Ta = +250C 


OUTPUT ON CAPACITANCE vs. DRAIN VOLTAGE DIGITAL INPUT CAPACITANCE vs. INPUT VOLTAGE 


70 


= 
= = 
wi = 
o 
= © 
-% : 
= : 
S < 
S ag = TRANSITION (INDETERMINATE 
z S DUE TO ACTIVE INPUT) 
= = ae 
= > 
> a. 
a. 2 
5 30 ag: 
o z 
S 
é ‘HI-304 thru HI-307 
S PT de 
0 2 4 6 8 0 12 14 16 LL 2 10 12 14 16 
baci 0 tad lilal Vin - INPUT VOLTAGE (VOLTS) 


INPUT SWITCHING THRESHOLD vs. 


POSITIVE SUPPLY VOLTAGE SWITCHING TIME vs. TEMPERATURE 
o 
a. HI-304 thru HI-307 eed SE ST 
3 6 Ss - V- = -15V 
oe z VINH = =+15V 
ze 5 w 
2 3 = 200 
z= 4 © 
Oo w z 
ro é 
=- 5 
S$ 2 = 100 -— 
z ! 
"t 1 = 
r 
- 
> 
0 5 10 15 
V+ POSITIVE SUPPLY VOLTAGE (VOLTS) BE AE 1G Be BME, 0 ..85 106 125 
T - TEMPERATURE (°C) 
SWITCHING TIME vs. POSITIVE SUPPLY VOLTAGE SWITCHING TIME vs. NEGATIVE SUPPLY VOLTAGE 
18 
300 
1.6 
14 
V+=+15V 
1.2 200 -— tT, = 250C 


VINH = +15V 


VINL = OV 


t - SWITCHING TIME (ns) 


tOn/AOFF - SWITCHING TIME (us) 


0 5 10 15 
V - NEGATIVE SUPPLY VOLTAGE (Vv) 


V+ POSITIVE SUPPLY VOLTAGE (Vv) 
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Gg? HARRIS 


1-305/883 


January 1989 SPDT CMOS Analog Switch 


Features 


e This Circuit is Processed in Accordance to Mil-Std- 
883 and is Fully Conformant Under the Provisions of 
Paragraph 1.2.1. 

Analog Signal Range (+15V Supplies) 
Low Leakage (+25°C) 

Low Leakage (+125°C) 

Low ON Resistance (+25°C) 

Charge Injection 

CMOS Compatible 

Symmetrical Switch Elements 

Low Operating Power 

e Compatible with DG305 


1nA (Max) 
100nA (Max) 
502 (Max) 
30pC (Typ) 


Applications 


e Sample and Hold, I.e. Low Leakage Switching 

e Op Amp Gain Switching, i.e. Low ON Resistance 
e Portable, Battery Operated Circuits 

e Low Level Switching Circuits 

e Dual or Single Supply Systems 


Pinouts 


H11-305/883 (CERAMIC DIP) 
TOP VIEW 


Description 


The HI-305/883 switch is a monolithic device fabricated 
using CMOS technology and the Harris Dielectric Isola- 
tion process. This switch features break-before-make 
switching, low and nearly constant ON resistance over the 
full analog signal range, and low power dissipation. 


The HI-305/883 is CMOS compatible and has a logic “0” 
condition with an input less than 3.5V and a logic “1” 
condition with an input greater than 11V. 


The HI-305/883 is pin-for-pin compatible with the 
industry standard Siliconix DG305. The device is 
available in a 14 pin Ceramic DIP and in a 10 pin Metal 
Can. The HI-305/883 operates over the -55°9C to +1259C 
temperature range. 


H12-305/883 (METAL CAN) 
TOP VIEW 


*The substrate and case are internally tied to V-. (The 
case should not be used as the V- connection, however.) 
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CMOS ANALOG 
SWITCHES 


Specifications HI-305/883 


Absolute Maximum Ratings Thermal Information 
Voltage Between V+ and V- Terminals..............0.eee0e. 44V Thermal Resistance Gia Bic 
+VSUPPLY to Ground (V+, V-) ........ceceeeceeee eee eees +22V = Ceramic DIP Package .................. 98°C/W = =30°C/W 
Analog Input Voltage +Vg.............. eee eee +VSUPPLY +1.5V Metal Can Package ................26- 1179C/W 35°C/W 
VS Resins i i tals 6 wha high TOE; -Vsyppiy -1.5V Package Power Dissipation at +75°C 
Digital Input Voltage +VA Re ER IES aR +VsuPPLy +4V ARIS Ce RN goes os ain pas wake dlbana de nceen 0.77W 
i ea ae ane Mee -VsyppLy -4V SPURT SORE PBN osaieo'gre 6c.d's 3% bhi est dunn ee ana 6 ipems 0.64W 
Package Power Dissipation Derating Factor Above +75°C 
Peak Current (S or D) . 
vilaaaat’ 10%-Duty Cycle M ania Ceramic DIP Package ............cccccccscccecs 10.32mW/°C 
(Pulse at 1ms, uly CyCle Max) 2: -wicdisves ones scenes " Metal Can Package 20 050.5. 8 S AsO ee es 8.56mW/°C 


Continuous COUNT OAG:. bo vw ele cai Price wawrinviné'yad cab bRAS sme CAUTIONS “Absolute” thaximunr’ fall “are” Neniting! ‘values! “eppitied 
Junction Temperature ......- +... e sees esses eee renee T1750; incividually, beyond which the serviceability of the cirbuilt may be impaired. 
Storage Temperature Range ................. -65°C to+150°C Functional operability under any of these conditions is not necessarily 
Lead Temperature (Soldering 10 sec)............02c00ee <275°C implied. 


Recommended Operating Conditions 


Operating Temperature Range ............... -559C to +1259C + = Logic Low Level (Vay) ..2.....cccecccccccccccectevce OV to 3.5V 
Operating Supply Voltage (£VsyppLy)........ eee eee ee ees SIV’ - Leite RIOT GEIELIV ALD). no sesneensaaeanendt 11V to +VsuppLy 
Analog Input Voltage (Vs)....... PP iat AS PTS +VSUPPLY 


TABLE 1. D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 
Device Tested at: +VsuppLy = +15V, -VsuppLy = -15V, GND = OV, Unless Otherwise Specified 


D.C. GROUP A 
PARAMETERS |SYMBOL CONDITIONS SUBGROUPS | TEMPERATURE 
saan tie yee one 
Resistance $1/S2 -559C to +125°C 
oie -55°C to +125°C 
IS(OFF) | VS =+14V, Vp =-14V, Va = 3.5V 
$1/S2 
Vs = -14V, Vp = +14V, Va = 3.5V 
$1/S2 
ID(OFF) Vs = +14V, Vp = -14V, Va = 3.5V 
$1/S2 
Vs = -14V, Vp = +14V, Va = 3.5V 
$1/S2 
Vp = Vs = +14V, Va = 11V 
$1/S2 
Vp = Vs = -14V, Va = 11V 
$1/S2 
Low Level Input IAL Va = 3.5V 
Current 


LIMITS 


UNITS 


fe 


Source “OFF” 
Leakage Current 


-55°C to +125°9C 


-55°9C to +1259C 


-55°C to +125°9C 


-55°C to +125°9C 


-55°C to +125°C 


-55°C to +1259C 


CAUTION: These devices are sensitive to electrostatic discharge. Proper |.C. handling procedures should be followed. 


4-102 


7 
7 
0 


1 


Drain “OFF” 
Leakage Current 


on 
Ss 


= 


Channel “ON” 
Leakage Current 


Ss 


di 


VA=11V 


Va = OV 


Va = 15V 


Supply Current -loc Va=O0V 


Va = 15V 


Lavaca 


HI-305/883 


TABLE 2. A.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 


Device Tested at: +VsyppLy = +15V, -VsupPLy = -15V, GND = OV, Unless Otherwise Specified 
LIMITS 
GROUP A 


PARAMETERS SYMBOL CONDITIONS SUBGROUPS | TEMPERATURE | win | MAX | UNITS 


so aaa rn ee oe 
ee ce ale od 
fe ee Se eo a 


secvame| [oe [= 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (NOTE 1) 


Turn “OFF” Time 


Device Characterized at: +Vsyppiy = +15V, -VsuppLy = -15V, GND = OV, Unless Otherwise Specified 


LIMITS 
PARAMETERS SYMBOL CONDITIONS TEMPERATURE | min | MAX | UNITS 
Switch Input Mea 
Capacitance 


Driver Input 
Capacitance 


NOTE 1. Parameters listed in Table 3 are controlled via design or process parameters and are not directly tested at final production. These parameters are lab 
characterized upon initial design release, or upon design changes. These parameters are guaranteed by characterization based upon data from 
multiple production runs which reflect lot to lot and within lot variation. 


TABLE 4. ELECTRICAL TEST REQUIREMENTS 


MIL-STD-883 TEST REQUIREMENTS UBGROUPS (SEE TABLES 1 & 2) 


S$ 
Final Electrical Test Parameters 1*, 2,3, 9, 10, 11 


Group A Test Requirements 1,2, 3,9, 10, 11 


* PDA applies to Subgroup 1 only. 
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CMOS ANALOG 


SWITCHES 


HI-305/883 


Test Circuits 


INPUT LEAKAGE CURRENT ID(OFF) IS(OFF) 


‘Vee +VCC 


SUPPLY CURRENTS 


ID(ON) CHARGE TRANSFER ERROR 


TO MEASUREMENT 
CIRCUITRY WITH INPUT 
o1Mf RESISTANCE OF 1M{2 
; as. OR GREATER 
= DRIVER = 
t= 1HKz 
SQUARE WAVE iF PULSE TEST IS USED: 
TR <20ns TR.TF <20ns 


Vin (DRIVER) >< 


+= 


VCTE 


DROOP CAUSED BY 
DEVICE LEAKAGE 
AND MEASUREMENT 
CIRCUITRY 


SWITCHING TRANSIENT 


NOTE: VcTE may be a positive or negative value 


CROSSTALK 
Rps OFF CHANNEL ISOLATION BETWEEN CHANNELS 


VGEN = 1Vp-p 
1KQ 
f = MHz 


For Detail Information Refer to HI-305/883 Test Tech Brief 
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HI-305/883 


Test Waveforms 


Vo 


SWITCH 
a OUTPUT 
LOGIC 
INPUT 


LOGIC “1 = SWITCH ON 


INPUT 50% 50% 
OV 


| 
Vs | 


Sea 10% 
ov | | 
SWITCH | l 
OUTPUT bt uf | 
| | | 
| 
—a|ton-e— =| torF 
NOTES: 
1. Ry = Ry = R_2 = 300; Cy = C_1 = C2 = 33pF 
2. VINH = 15V 


RISETIME (1.5V to 13.5V) S 20ns 
FALLTIME (13.5V to 1.5V) S 20ns 


Vsi=+3V © 
$2 
Vs2=+3¥ © 


LOGIC “1 = SWITCH ON 


ov 


LOGIC 


CMOS ANALOG 
SWITCHES 
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HI-305/883 


Burn-In Circuits 


HI-305/883 CERAMIC DiP 


HI-305/883 METAL CAN 


NOTES: 

Ry = Ro = Rg = Rg = 10k, + 5% (per socket) 
Cz = Co = 0.01yF (per socket) or 0.1 uF (per row) 
Dy = Dg = IN4002 or Equivalent/Board 

| (V+) - (V-) |= 30Vv 
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HI-305/883 


Schematic Diagram 


DIGITAL INPUT BUFFER AND LEVEL SHIFTER 


V+ 


LOGIC INO 


SWITCH CELL 
DRIVER 
(ONE PER SWITCH CELL) 


SWITCH CELL 


CMOS ANALOG 
SWITCHES 
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HI-305/883 


Die Characteristics 


DIE DIMENSIONS: 
76 x 60.6 x 19 mils 
METALLIZATION: 
Type: Aluminum 
Thickness: 16kA + 2kA 
GLASSIVATION: 
Type: Nitride 
Thickness: 7kA + 0.7kA 
DIE ATTACH: 
Material: Gold/Silicon Eutectic Alloy 
Temperature: Ceramic DIP — 460°C (Max) 
Metal Can — 420°C (Max) 
WORST CASE CURRENT DENSITY: 
3.9 x 105A/cm2 at 30mA 
This device meets  Glassivation integrity Test 
requirement per Mil-Std-883 Method 2021 and 
Mil-M-38510 paragraph 3.5.5.4. 


Metallization Mask Layout 
Hi-305/883 
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HI-305/883 


Packagin gt 
14 PIN CERAMIC DIP 


LEAD MATERIAL: Type B 
LEAD FINISH: Type A 
PACKAGE MATERIAL: Ceramic, 90% Alumina 
PACKAGE SEAL: 
Material: Glass Frit 
Temperature: 450°C + 10°C 
Method: Furnace Seal 


10 PIN METAL CAN 


335 321 
375 325 


COMPLIANT OUTLINE: 38510 D-1 


* INCREASE MAX LIMIT BY .003 INCHES 
MEASURED AT CENTER OF FLAT FOR 
SOLDER FINISH 


INTERNAL LEAD WIRE: 


Material: Aluminum 
Diameter: 1.25 Mil 
Bonding Method: Ultrasonic 


CMOS ANALOG 
SWITCHES 


* Maximum Limits are Increased by 0.003 inches for Solder Dip Finish. 


LEAD MATERIAL: Type A 
LEAD FINISH: Type C 
PACKAGE MATERIAL: Kovar Header with Nickel Can 
PACKAGE SEAL: 
Material: No Seal Material 
Temperature: Room Temperature 
Method: Resistance Weld 


NOTE: All Dimensions are asd , Dimensions are in inches. 
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INTERNAL LEAD WIRE: 

Material: Aluminum 

Diameter: 1.25 Mil 

Bonding Method: Ultrasonic 
COMPLIANT OUTLINE: 38510 A-2 


t Mil-M-38510 Compliant Materials, Finishes, and Dimensions. 


Ge HARRIS 1-305 


DESIGN INFORMATION 


SPDT CMOS Analog Switch 


The information contained in this section has been developed through characterization by Harris Semiconductor and is 
for use as application and design data only. No guarantee is implied. 


Typical Performance Characteristics Unless Otherwise Specified: V+ = +15V, V- = -15V, Ta = +250C 


RDS(ON) ¥8- Vp AND TEMPERATURE RDS(ON) ¥8. Vp AND POWER SUPPLY VOLTAGE 


RESISTANCE (OHMS) 
RESISTANCE (OHMS) 


A V+= +15V, V-=-15V 
B V+=+10V, V-=-10V 
C V+=+7.5V, V-=-7.5V 
D V+=+5V, V+=+5V 


Rps(on) - DRAIN TO SOURCE ON 
Rps(oN)- DRAIN TO SOURCE ON 


Vp - DRAIN VOLTAGE (VOLTS) Vp - DRAIN VOLTAGE (VOLTS) 


DEVICE POWER DISSIPATION vs. 
SWITCHING FREQUENCY SIGNAL LOGIC INPUT OFF ISOLATION vs. FREQUENCY 


100 


40 RL= 
V+ = +15V, V- = -15V 


20+ CLoap = 30F 
Vs = 1Vams 


0 
105 106 107 108 
f - FREQUENCY (Hz) 


s 
|Vs/Vp| - OFF ISOLATION (4B) 


Pd - POWER DISSIPATION (mW) 


‘ 
|| 8 
Z 
2 
-- 
' 
é | 


atl | th 
ll 
ll 
ll 


0.1 


HI - 304 THRU HI -307 ‘pee 
10 


1K 19K 100K 1M 


LOGIC SWITCHING FREQUENCY (Hz) 
50% DUTY CYCLE 


IS(OFF) OF ID(OFF) V8. TEMPERATURE* ID(ON) v8. TEMPERATURE* 


10.0 10.0 


V+= +15V 
-15V 


V+ = 15V 


= ed 
77 (Re eae ae 
v-= Pan eee aaa 
iP Gee) eee | 
3 i ed eae! 
| i es Pa PORE Vol=|vsl= 14 
4 D s 
of: wi 
ww Ss 
>> ——_— Sa ———— 
S SS SAT RE 138 ST ELAR I ee CASES ED 
“ ws RACE Een es SS in Se Eee ES 
~ BREae ie be aed eee Pry] ae) Dare eh Ee 
is ae (SS a = < Bee hee A Pa 
a ae ga Rae FE aie ssc 
SE | sd canal nina: ae ee rene, 
_ =z 
- z 0.1 me mewemes 6S rem ee Ss 0.1 SSE ee or 
<z TO 2. eae o SFE SF ES FE SL Se ee ree 
o Ss ae + ae = eee Se ee ee ee 
ne SW eae 2 iT occ as = ae Sy Ae: THiS PMTS O25 FS 
=—a SY GTR 9 BR EE Sore CE” Ee, SS iss Oh SRM vo 
V PE TS) SE ee PS FPS (ee 
GEL Eas (Ses Be fa) tate es Es 
0.01 Rec are 0.01 cyocaht lea? onl achate 


25 75 125 25 75 125 
TEMPERATURE - °C T - TEMPERATURE (°C) 


* The net leakage into the source or drain is the N-channel leakage minus the P-channel leakage. This difference can be positive, negative, or zero 
depending on the analog voltage and temperature, and will vary greatly from unit to unit. 
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H1I-305 
DESIGN INFORMATION (Continued) 


The information contained in this section has been developed through characterization by Harris Semiconductor and is 
for use as application and design data only. No guarantee is implied. 


Typical Performance Characteristics Unless Otherwise Specified: V+ = +15V, V- = -15V, Ta = +250C 


OUTPUT ON CAPACITANCE vs. DRAIN VOLTAGE DIGITAL INPUT CAPACITANCE vs. INPUT VOLTAGE 
_ 70 16 
.. ~~ 
— vs 
o = 
z add 
< 60 z 12 
: : 
< - = TRANSITION (INDETERMINATE 
: © 8 + nue TO ACTIVE INPUT) | 
5 = HI-300 thru HI-303 
5 30 ae ee PS CS es ee 
° 2 (ae Se oes Pape re ey ee 
y o 
ca | HI-304 thru HI-307 
S x TRANSITION 
0 2 4 6 8 00 12 14 16 02 4 6 8 0 12 14 16 
Vo - ORAIN VOLTAGE (VOLTS) Vin - INPUT VOLTAGE (VOLTS) 
INPUT SWITCHING THRESHOLD vs. O 
POSITIVE SUPPLY VOLTAGE SWITCHING TIME vs. TEMPERATURE ° w” 
=< 
20 
2 300 <p 
ad — 
o HI-304 thru HI-307 V+= +15V YS 
z v _ V- = -15V Lo 
Ee s = VINH = +15V oO 
- x VINL = OV 
es = 200 
es - 
-_~'~— o 
Eo z 
ES —— = 
2? 1-300 thru HI-303 EE ca 
“ 
= 
> 
V+ POSITIVE SUPPLY VOLTAGE (VOLTS) eG ah eB. 28. eee ae EP 
T - TEMPERATURE (°C) 
SWITCHING TIME vs. POSITIVE SUPPLY VOLTAGE SWITCHING TIME vs. NEGATIVE SUPPLY VOLTAGE 
V-= -15V 
3 TA = 25°C 7 
VINH = 15V = 7 
F VINL = OV Z sp 
a 2 VINH = t15V 
z = VINL = 0V 
: : 
3 a 
us : 
cc 
i] 
= 
z 
1 


0 5 10 15 
V - NEGATIVE SUPPLY VOLTAGE (V) 


0 5 10 15 
V+ POSITIVE SUPPLY VOLTAGE (V) 
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Gg HARRIS 


January 1989 


Features 


e This Circuit is Processed in Accordance to Mil-Std- 
883 and is Fully Conformant Under the Provisions of 
Paragraph 1.2.1. 


e Analog Signal Range (+15V Supplies) ................. +15V 
© Low Leakage (+25°9C).........ssssssssssssssssseseesees 1nA (Max) 
@ Low Leakage (+125°9C)..........ssscssssscscseesses 100nA (Max) 
© LOW ON ReSistance. .........ccccsscesssccecccsssssecceseens 502 (Max) 
© Charge Injection.............csssssssssssssssssscnessseccenes 30pC (Typ) 
e CMOS Compatible 

© Symmetrical Switch Elements 

e Low Operating Power 

e Compatible with DG306 


Applications 


¢ Sample and Hold, i.e. Low Leakage Switching 
Op Amp Gain Switching, i.e. Low ON Resistance 
Portable, Battery Operated Circuits 

Low Level Switching Circuits 
Dual or Single Supply Systems 


Pinout 


LOGIC SWITCH 


0 OFF 
1 ON 


HI-306/883 


Dual DPST CMOS Analog Switch 


Description 


The HI-306/883 switch is a monolithic device fabricated 
using CMOS technology and the Harris Dielectric Isola- 
tion process. This switch features low and nearly constant 
ON resistance over the full analog signal range, and low 
power dissipation. 


The HI-306/883 is CMOS compatible and has a logic “0” 
condition with an input less than 3.5V and a logic “1” 
condition with an input greater than 11.0V. 


The HI-306/883 is pin-for-pin compatible with the 
industry standard Siliconix DG306. The device is 
available in a 14 pin Ceramic DIP. The HI-306/883 
operates over the -55°C to +1259C temperature range. 


H11-306/883 (CERAMIC DIP) 
TOP VIEW 
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Specifications HI-306/883 


Absolute Maximum Ratings 


Voltage Between V+ and V- Terminals. ..........00.e eee eeee 44V 
+VSUPPLY to Ground (V+, V-) ........ eee e cece eee ee eeee +22V 
Analog Input Voltage +Vs.......--ee eee eeeee +VsuPPLyY +1.5V 
ot MELEL CET R ETE E -VSUPPLY ~-1.5V 
Digital Input Voltage +VAQ uo... cece cece cence cwes +VsupPPLy +4V 
ni Soe Corie irr -VSUPPLY ~4V 

Peak Current (S or D) 

(Pulse at 1ms, 10% Duty Cycle Max) ............-eeeeee 40mA 
GCOnUMLOUS CUITGI 3 ois ovo’. cide des cr ces weapon eeds es saind 30mA 
SUINGHO Teal cc as ids vee CODG ees ccc desntne +1759C 
Storage Temperature Range ..............05- -65°C to +150°C 
Lead Temperature (Soldering 10 s@c)............2220eee <2759C 


Thermal Information 


Thermal Resistance Bia Bic 
Ceramic DIP Package ................-- 88°C/W 249C/W 
Package Power Dissipation at +75°C 
Ceramic DIP PaeRgoe 2 o5b ois os wirxcewes cetanes iia'es 0.85W 
Package Power Dissipation Derating Factor Above +75°C 
Caefaniic DIP PRCA 5 acai ocnsarnremrn e irinacmsereies 11.36mW/°C 


CAUTION: Absolute maximum ratings are limiting values, applied 
individually, beyond which the serviceability of the circuit may be impaired. 
Functional operability under any of these conditions is not necessarily 
implied. 


Recommended Operating Conditions 


Operating Temperature Range ............06. -55°C to +125°C 
Operating Supply Voltage (t{VSUPPLY)--- +--+ ee ee rete ee eee +15V 
Analog Input Voltage (Vs)... ....e ce cnecceecceseces +VSUPPLY 


Logic Low. Level. (VAI) ..0s0 oss ceapeccccsccvccessceves OV to 3.5V 
Logic Hign Level (Vapi)... cccccccccctccncnce 11V to +VSuPPLY 


TABLE 1. D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 
Device Tested at: +VsupPLy = +15V, -VSUpPLYy = -15V, GND = OV, Unless Otherwise Specified 


Switch “ON” 
Resistance 


Source “OFF” 
Leakage Current 


Drain “OFF” 
Leakage Current 


Channel “ON” 
Leakage Current 


ID(ON) Vp = Vs = +14V, Va = 11V 
$1/S2/S3/S4 

Vp = Vs =-14V, Va = 11V 
$1/S2/S3/S4 


Supply Current 


All Channels Va = 15V 


D.C. 
PARAMETERS | SYMBOL CONDITIONS 


Va = 11V, Vp = 10V, Ig = -10mMA eo 
$1/S2/S3/S4 a <a 
VA=11V,Vp=-10V,Ig=10mA | 1 
$1/S2/S3/S4 ae ee 55°C to +125°C 
ISOFF) | Vs=+14V,Vp=-14,Vq=3.5v | 1 | 
$1/S2/S3/S4 Ere -Be——— 
Vg=-14V,Vp=+14V,Va=35v [| 1 | 
$1/S2/S3/S4 weg 
ID(OFF) | VS =+14V, Vp = -14V, Va = 3.5V 
$1/S2/S3/S4 
; Vs =-14V, Vp = +14V, Va = 3.5V 
$1/S2/S3/S4 


Low Level Input TAL All Channels Va = 3.5V 
Current 


jeg sara 
eee gee 
| 28. | 
[fos ite 
| 2. fea gE oe 
Cee | | 19. | 
tay | AllChannels Va = 11V Ree cee cea cae 
ei ree 
a 
ae Loe 
Ea os 
LS 
Pee 
[28 
i ae 


All Channels Va = OV 


GROUPA LIMITS 
SUBGROUPS | TEMPERATURE | MIN | MAX. | UNITS 
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S 


~1 
-1 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
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TABLE 2. A.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 


Device Tested at: +VsuppLy = +15V, -Vsyppiy = -15V, GND = OV, Unless Otherwise Specified 
GROUP A 
SUBGROUPS 


LIMITS 
PARAMETERS SYMBOL CONDITIONS TEMPERATURE UNITS 


Turn “OFF” Time 


ay | ee 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (NOTE 1) 


Device Characterized at: +VsyppLy = +15V, -VsuppLy = -15V, GND = OV, Unless Otherwise Specified 


LIMITS 
PARAMETERS SYMBOL CONDITIONS NOTE | TEMPERATURE MIN 
Switch Input Cis(OFF) | Measured Source to GND +25°C 
Capacitance 
Capacitance 
Switch Output Cos Measured Drain to GND +25°9C 
Capacitance 
Vor tia Eee 


Off Isolation Viso. | f=1MHz,VGEN=1Vp-p 
Charge Transfer Vote | Vg=GND,C, =0.01pF 


NOTE 1. Parameters listed in Table 3 are controlled via design or process parameters and are not directly tested at final production. These parameters are lab 
characterized upon initial design release, or upon design changes. These parameters are guaranteed by characterization based upon data from 
multiple production runs which reflect lot to lot and within lot variation. 


UNITS 
pF 
pF 
pF 
pF 

V 


TABLE 4. ELECTRICAL TEST REQUIREMENTS 


Group A Test Requirements 1,2, 3,9, 10, 11 


* PDA applies to Subgroup 1 only. 
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Test Circuits 
INPUT LEAKAGE CURRENT ID(OFF) IS(OFF) 


+Vcc 


ID(ON) SUPPLY CURRENTS CHARGE TRANSFER ERROR 


: ° TO MEASUREMENT ru} 

CIRCUITRY WITH INPUT ° my 
RESISTANCE OF 1MQ2 

sels a i OR GREATER < uw 
= DRIVER = ZO 
f= 1HKz <p 
SQUARE WAVE | !F PULSE TEST IS USED: n= 
TR <20ns TR, TF <20ns o = 
s ¢7) 

O 


Vin (DRIVER) ae 


DROOP CAUSED BY 
DEVICE LEAKAGE 
AND MEASUREMENT 
CIRCUITRY 


SWITCHING TRANSIENT 


NOTE: Vote may be a positive or negative value 


CROSSTALK 
Rps OFF CHANNEL ISOLATION BETWEEN CHANNELS 


For Detail Information Refer to HI-306/883 Test Tech Brief 
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Test Waveforms 


+15V 


V+ 


Vo 
SWITCH 
OUTPUT 


LOGIC “1’"= SWITCH ON 


NOTES: 

1. Ry = 300M: Cy = 33pF 

2. VINH = 15V 
RISETIME (1.5V to 13.5V) < 20ns 
FALLTIME (13.5V to 1.5V) < 20ns 
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Burn-In Circuit 


HI-306/883 CERAMIC DIP 


V+ 


Dj 


seo S EES el 


D2 


NOTES: 

Ry = Ro = Rg = Rg = 10KN, 5%, 1/4 or 1/2 watt 
Cz = Co = 0.01uF (per socket) or 0.14F (per row) 
D, = Dg = IN4002 (per board) 

|(V+) - (V-)| = 30V 


CMOS ANALOG 
SWITCHES 


4-117 


HI-306/883 


Schematic Diagram 


DIGITAL INPUT BUFFER AND LEVEL SHIFTER 


LOGIC INO 


SWITCH CELL 
DRIVER 
| (ONE PER SWITCH CELL) 


SWITCH CELL 
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Die Characteristics 


DIE DIMENSIONS: 
76 x 83.9 x 19 mils 
METALLIZATION: 


Type: Aluminum 
Thickness: 16kA + 2kA 


GLASSIVATION: 
Type: Nitride 
Thickness: 7kA + 0.7kA 
DIE ATTACH: 
Material: Gold/Silicon Eutectic Alloy 
Temperature: Ceramic DIP — 460°C (Max) 
WORST CASE CURRENT DENSITY: 
3.9 x 105A/cm2 at 30mA 
This device meets Glassivation Integrity Test 
requirement per Mil-Std-883 Method 2021 and 
Mil-M-38510 paragraph 3.5.5.4. 


Metallization Mask Layout 
HI-306/883 


D4 D2 $2 


12 211810 
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Packaging* 
14 PIN CERAMIC DIP 
.753 
.785 140 
.005 MIN 170 
a 
.200 MAX 
S i 
2015 .150 MIN 
060 ] 
125 a .098 MAX 
180 2 100 
26 BSC 
.023 
.050 * 
065 


LEAD MATERIAL: Type B 
LEAD FINISH: Type A 
PACKAGE MATERIAL: Ceramic, 90% Alumina 
PACKAGE SEAL: 
Material: Glass Frit 
Temperature: 450°C + 109°C 
Method: Furnace Seal 


NOTE: All Dimensions are ali , Dimensions are in inches. 
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* INCREASE MAX LIMIT BY .003 INCHES 


MEASURED AT CENTER OF FLAT FOR 
SOLDER FINISH 


INTERNAL LEAD WIRE: 
Material: Aluminum 
Diameter: 1.25 Mil 
Bonding Method: Ultrasonic 
COMPLIANT OUTLINE: 38510 D-1 


t Mil-M-38510 Compliant Materials, Finishes, and Dimensions. 
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Dual DPST CMOS Analog Switch 


The information contained in this section has been developed through characterization by Harris Semiconductor and is 
for use aS application and design data only. No guarantee is implied. 


Typical Performance Characteristics Unless Otherwise Specified: V+ = +15V, V- = -15V, Ta = +250C 
Rps(ON) Vs: Vp AND TEMPERATURE RDS(ON) Vs: Vp AND POWER SUPPLY VOLTAGE 


el 
fp 


V+ = +15V 
V-=-15V 


A V+=+15V, V-=-15V 
B V+=+10V, V-=-10V 
C V+=+7.5V, V-=-7.5V 
D V+=+5V, V+=+5V 


20 


Rps(ONn) - DRAIN TO SOURCE ON 
RESISTANCE (OHMS) 


Rps(ON) - DRAIN TO SOURCE ON 
RESISTANCE (OHMS) 
& 


-15 -10 -§ 0 +5 +10 +15 
Vp - DRAIN VOLTAGE (VOLTS) Vp - DRAIN VOLTAGE (VOLTS) 


DEVICE POWER DISSIPATION vs. 
SWITCHING FREQUENCY SIGNAL LOGIC INPUT OFF ISOLATION vs. FREQUENCY 


ST A EE EE 

=a Ce a Se 

Te EE TS eS TS: 100 

Pet pieg: 5) 2 ese gs) a 

(areas SE Es A ee 3 

-—t—}+ + = 90 

me he ee ee - 

< 

E 2 ee ae 2 
z ee EE ST CL Sa eT CE va 
o A FSD Se CEE ee re 40 RL= 
= —— =e o " 
- es Ss | ee Cee Pe ey ' 
= o_o ae ee SB og| VOT H15V, V-= -15V 
9 en a ee ee ee ee = CLOAD = 3pF 
a? AP t= | ee 
2 10 vl 
1 SS ———— ——— rT f - FREQUENCY (Hz) 
Zs 
a $ 


HI - 304 THRU HI -307 giz 
1 10 100 1K 10K 100K 1M 


LOGIC SWITCHING FREQUENCY (Hz) 
50% DUTY CYCLE 


IS(OFF) OF ID(OFF) VS- TEMPERATURE* ID(ON) VS: TEMPERATURE* 


10.0 10.0 


——— 

EEE ee 

V+=+15V ear aa CS 
ba ote rst] 

ve Pret oh Sa 

1.0 oe 1.0 

ES Te RR We 
a 
EE ae Le 
re aa Ed 


Ip(ON) - CHANNEL LEAKAGE 
LEAKAGE (nA) 


oe 
_ 


0.1 


DRAIN OFF LEAKAGE CURRENT (nA) 


Is(OFF) OR Ip(oFF) - SOURCE OR 


ni 
LT 


TEMPERATURE ~ °C T - TEMPERATURE (°C) 


* The net leakage into the source or drain is the N-channel leakage minus the P-channel leakage. This difference can be positive, negative, or zero 
depending on the analog voltage and temperature, and will vary greatly from unit to unit. 
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DESIGN INFORMATION (continuea) 


The information contained in this section has been developed through characterization by Harris Semiconductor and is 
for use as application and design data only. No guarantee is implied. 


Typical Performance Characteristics Unless Otherwise Specified: V+ = +15V, V- = -15V, Ta = +259C 


OUTPUT ON CAPACITANCE vs. DRAIN VOLTAGE DIGITAL INPUT CAPACITANCE vs. INPUT VOLTAGE 
_ 70 16 
uu 
— - 
aw 2 
Lhd 
< 60 S 12 
: : 
oo 
< Pe BS g |. TRANSITION (INDETERMINATE 
z ° DUE TO ACTIVE INPUT) 
5 = i HI-300 thru HI-303 
5 30 pe y aes Nd > > eet Rar = ce 
7 ee pet Wes os es aes Ee 
S sf | HI-304 thru HI-307 
S TRANSITION 
© Be Bree OH 12 14 16 © BB by aS Oe 12 16 «10 
Vp - DRAIN VOLTAGE (VOLTS) Vin - INPUT VOLTAGE (VOLTS) 
INPUT SWITCHING THRESHOLD vs. 
POSITIVE SUPPLY VOLTAGE SWITCHING TIME vs. TEMPERATURE 


V+=+15V 
V- =-15V 
VINH = +15V 
Vint = 0V 


VTH - INPUT SWITCHING THRESHOLD 
VOLTAGE (VOLTS) 
t - SWITCHING TIME (ns) 


65 -35 -15 5 25 45 65 85 105 125 


V+ POSITIVE SUPPLY VOLTAGE (VOLTS 
: T - TEMPERATURE (°C) 


SWITCHING TIME vs. POSITIVE SUPPLY VOLTAGE SWITCHING TIME vs. NEGATIVE SUPPLY VOLTAGE 


V+=+15V 
Ta = 25°C 
VINH = +15V 


200 


VINL = OV 


t - SWITCHING TIME (ns) 
= 
—] 


tON/AOFF - SWITCHING TIME (us) 


0 5 10 15 
V - NEGATIVE SUPPLY VOLTAGE (V) 


V+ POSITIVE SUPPLY VOLTAGE (Vv) 
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Dual SPDT CMOS Analog Switch 


January 1989 


Features 


e This Circuit is Processed in Accordance to Mil-Std- 
883 and is Fully Conformant Under the Provisions of 
Paragraph 1.2.1. 

Analog Signal Range (+£15V Supplies)............... +15V 
Low Leakage (+25°C) 1nA (Max) 
Low Leakage (+125°C) 100nA (Max) 
Low ON Resistance 500 (Max) 
Charge Injection... 30pC (Typ) 
CMOS Compatible 

Symmetrical Switch Elements 

Low Operating Power 

Compatible with DG307 


Applications 


Sample and Hold, i.e. Low Leakage Switching 
Op Amp Gain Switching, i.e. Low ON Resistance 
Portable, Battery Operated Circuits 

Low Level Switching Circuits 

Dual or Singie Supply Systerns 


Pinout 


Description 


The HI-307/883 switch is a monolithic device fabricated 
using CMOS technology and the Harris Dielectric Isola- 
tion process. This switch features break-before-make 
switching, low and nearly constant ON resistance over the 
full analog signal range, and low power dissipation. 


The HI-307/883 is CMOS compatible and has a logic “0” 
condition with an input less than 3.5V and a logic “1” 
condition with an input greater than 11V. 


The HI-307/883 is pin-for-pin compatible with the 
industry standard Siliconix DG307. The device is 
available in a 14 pin Ceramic DIP. The HI-307/883 
operates over the -559C to +1259C temperature range. 


H11-307/883 (CERAMIC DIP) 
TOP VIEW 


PATS EATERS REESE 
0 OFF ON 
1 ON OFF 
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Specifications HI-307/883 


Absolute Maximum Ratings 


Voltage Between V+ and V- Terminals..............ceceeees 44V 
-EVSUPPLY 10 GOURD {V-4, V-) «0s ccccucssncdeeccubense +22V 
Analog Input Voltage +Vs........... cee neeees +VSUPPLY +1.5V 
otf: kates ee eee -VSUPPLY -1.5V 
Dighalinput Voltage HV aw esi rises ss +VsupPLy +4V 
SW Manwae nisig Gok a vat ca eee -VSUPPLY -4V 

Peak Current (S or D) 
(Pulse at 1ms, 10% Duty Cycle Max) ...............000. 40mA 
Cantauous Ogrent 233563. Ao. Dio Wiss si eis 30mA 
Junction Temperature «.. icic'e sca ec vive vce ccsiccccceccn +175°C 


Storage Temperature Range ................. -659C to +150°C 
Lead Temperature (Soldering 10 sec)............000eee: <275°9C 


Thermal Information 


Thermal Resistance Bia Bic 
Ceramic DIP Package................- 88°C/W 24°9C/W 
Package Power Dissipation at +75°C 
CRIAINNG DIP PACKAGE «6 6-5 ocwiclc cic cevcvcnvosoce otcety 0.85W 
Package Power Dissipation Derating Factor Above +75°C 
Ceramic DIP Package... c..5 icc cies ccadeonne cos 11.36mW/°C 
CAUTION: Absolute maximum ratings are limiting values, applied 


individually, beyond which the serviceability of the circuit may be impaired. 
Functional operability under any of these conditions is not necessarily 
implied. 


Recommended Operating Conditions 


Operating Temperature Range ............... -559C to +125°C 
Operating Supply Voltage ({VsyppLy)..........seeeeeeeee +15V 
Analog Input Voltage (Va) oo. itncse scheint vgescesiaves +VSUPPLY 


ES EIA CINE AL) 4 i o.cass 094,060» eee ns cewalews Wee OV to 3.5V 
Logic High Level (VAH) ....... eee eee ceceeees 11V to +VsuppLy 


TABLE 1. D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 
Device Tested at: +VsuppLy = +15V, -VsuppLy = -15V, GND =.0V, Unless Otherwise Specified 


CONDITIONS 


D.C. 
PARAMETERS 


Switch “ON” 
Resistance 


SYMBOL 


Low Level Input TAL 
Current 
High Level Input lAH 
Current 


Va2=3.5V S$1/S2/S3/S4 


Va2=3.5V $1/S2/S3/S4 


Source “OFF” 


Leakage Current Va2=11V S1/S2/S3/S4 


Va2=11V S1/S2/S3/S4 


Drain “OFF” 


Leakage Current Va2=11V S1/S2/S3/S4 


Va2=11V S1/S2/S3/S4 


Channel “ON” 
Leakage Current 


Vp = Vg = +14V, Vaq = 11V 
Va2=3.5V $1/S2/S3/S4 


Vp = Vs =-14V, Vai = 11V 
Va2=3.5V S1/S2/S3/S4 


All Channels Va, = 3.5V 


All Channels Vay = 11V 


All Channels Va = OV 


All Channels Va = 15V 


Supply Current All Channels Va = OV 


All Channels Va = 15V 


Vai = 11V, Vp = 10V, Is =-10mA 


Vai = 11V, Vp = -10V, Is = 10mMA 


Vs = +14V, Vp = -14V, Vaz = 3.5V 


Vs = -14V, Vp = +14V, Vaz = 3.5V 


Vs = -14V, Vp = +14V, Vaz = 3.5V 


Vs = +14V, Vp = -14V, Vaz = 3.5V 


LIMITS 


UNITS 


GROUPA 
SUBGROUPS | TEMPERATURE 


aes 


-55°C to +125°C 
+25°C 
-§5°9C to +125°9C 
+25°C 
-55°C to +125°C 
+25°C 
-55°C to +125°9C 
+25°9C 
-55°C to +125°C 
+25°C 
-55°C to +1259C 
+25°C 
-55°C to +125°C 
+25°9C 
-§5°9C to +125°C 
+25°C 
-55°C to +125°9C 

1 +25°9C 
| 2,3: | -55°C to +125°C 
+25°C 
-55°C to +125°9C 
+25°C 
-55°C to +125°C 
+25°9C 
-55°C to +125°C 
+25°C 
-55°C to +125°C 


“N 
oO 


“I 
ul 


n 


PPPPPPPPPEEPPEEEEPP EPP Ell 


-100 


oe 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
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TABLE 2. A.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 


Device Tested at: +Vsyppiy = +15V, -VsuppLy = -15V, GND = OV, Unless Otherwise Specified 
LIMITS 
GROUP A 


PARAMETERS SYMBOL CONDITIONS SUBGROUPS | TEMPERATURE Pin | MAX UNITS 


Tum“oN'Time | ON Pe Si eee Ee 
BO Ee ee 
POMC ik Oa Ga 8 
PE Gea Bee cree 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (NOTE 1) 


Turn “OFF” Time 


Device Characterized at: +Vsyppiy = +15V, -VsuppLy = -15V, GND = OV, Unless Otherwise Specified 


PARAMETERS SYMBOL CONDITIONS NOTE | TEMPERATURE 


Driver Inpu [cc | Va=ov 
Capacitance 


Switch Output Measured Drain to GND 1 +25°9C 
Capacitance 


LIMITS 


Cc1 
Cc2 


NOTE 1. Parameters listed in Table 3 are controlled via design or process parameters and are not directly tested at final production. These parameters are lab 
characterized upon initial design release, or upon design changes. These parameters are guaranteed by characterization based upon data from 
multiple production runs which reflect lot to lot and within lot variation. 


TABLE 4. ELECTRICAL TEST REQUIREMENTS 


MIL-STD-883 TEST REQUIREMENTS SUBGROUPS (SEE TABLES 1 & 2) 
Interim Electrical Parameters (Pre Burn-in) 
Final Electrical Test Parameters 1*, 2,4, 8 10; 14 


Group A Test Requirements Levers toes 


* PDA applies to Subgroup 1 only. 
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Test Circuits 
INPUT LEAKAGE CURRENT ID(OFF) IS(OFF) 


SUPPLY CURRENTS 


ID(ON) CHARGE TRANSFER ERROR 


TO MEASUREMENT 
CIRCUITRY WITH INPUT 
net RESISTANCE OF 1M{2 
a OR GREATER 
= DRIVER = 
f= 1HKz 


IF PULSE TEST IS USED: 
Tr. TF <20ns 


SQUARE WAVE 
Tr <20ns 


Vin (DRIVER) >< 


DROOP CAUSED BY 
DEVICE LEAKAGE 
AND MEASUREMENT 
CIRCUITRY 


SWITCHING TRANSIENT 


NOTE: VcoTgE may be a positive or negative value 


CROSSTALK 
Rps OFF CHANNEL ISOLATION BETWEEN CHANNELS 


VGEN = 1Vp-p 
mK 
f= 1MHz 


For Detail Information Refer to HI-307/883 Test Tech Brief 
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Test Waveforms 


Vs = +3V 


LOGIC 
INPUT 


LOGIC “1 = SWITCH ON LOGIC 1" = SWITCH ON 


es “a 50% 50% INPUT VINH | | 
ues, ae metas ov 
wot ! 
90% 50% 50% 
ov a RR ov ere 2a ae. |. eee 
| 
| 


| 
| | 
SWITCH | | | | 
OUTPUT | | | ietecii . ! a 
*~ ! OUTPUT et, a Co 
—>|ton —| torr ev | ! , : 
— 1 oF —~{ -— toPeNn 
NOTES: 
1. Ry = Ry1 = R2 = 300M; Cy = CL1 = C_2 = 33pF 
2. VINH = 15V 


RISETIME (1.5V to 13.5V) S 20ns 
FALLTIME (13.5V to 1.5V) S 20ns 


CMOS ANALOG 
SWITCHES 
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Burn-In Circuit 


HI-307/883 


HI-307/883 CERAMIC DIP 


NOTES: 

Ry = Ro = R3 = Rg = 10KN, 5%, 1/4 or 1/2 watt 
Cz = Co = 0.01uF (per socket) or 0.1uF (per row) 
Dz = Do = IN4002 (per board) 

|(V+) - (V-)| = 30V 
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Schematic Diagram 


DIGITAL INPUT BUFFER AND LEVEL SHIFTER 


LOGIC INO 


SWITCH CELL 


DRIVER 
(ONE PER SWITCH CELL) 
SWITCH CELL 


CMOS ANALOG 
SWITCHES 
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Die Characteristics 


DIE DIMENSIONS: 
76 x 83.9 x 19 mils 
METALLIZATION: 
Type: Aluminum 
Thickness: 16kA + 2kA 
GLASSIVATION: 
Type: Nitride 
Thickness: 7kA + 0.7kA 
DIE ATTACH: 
Material: Gold/Silicon Eutectic Alloy 
Temperature: Ceramic DIP — 460°C (Max) 
WORST CASE CURRENT DENSITY: 
3.9 x 10°A/cm2 at 30mA 
This device meets Glassivation Integrity Test 
requirement per Mil-Std-883 Method 2021 and 
Mil-M-38510 paragraph 3.5.5.4. 


Metallization Mask Layout 
HI-307/883 


D4 Do So IN2 
132600 
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Packaging‘ 
14 PIN CERAMIC DIP 


al 


* INCREASE MAX LIMIT BY .003 INCHES 
MEASURED AT CENTER OF FLAT FOR 


SOLDER FINISH 
LEAD MATERIAL: Type B INTERNAL LEAD WIRE: 
LEAD FINISH: Type A Material: Aluminum 
PACKAGE MATERIAL: Ceramic, 90% Alumina Diameter: 1.25 Mil 
PACKAGE SEAL: Bonding Method: Ultrasonic oO 
Material: Glass Frit COMPLIANT OUTLINE: 38510 D-1 9 % 
Temperature: 450°C + 10°C 2s 
Method: Furnace Seal er = 
oF 
ro) 
NOTE: All Dimensions are War , Dimensions are in inches. t Mil-M-38510 Compliant Materials, Finishes, and Dimensions. 
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Dual SPDT CMOS Analog Switch 


The information contained in this section has been developed through characterization by Harris Semiconductor and is 
for use as application and design data only. No guarantee is implied. 


Typical Performance Characteristics Unless Otherwise Specified: V+ = +15V, V- = -15V, Ta = +250C 


RDS(ON) VS- Vp AND TEMPERATURE RDS(ON) VS- Vp AND POWER SUPPLY VOLTAGE 


V+=+15V Ta = 250C 


RESISTANCE (OHMS) 


A V+=+15V, V-=-15V 
B V+=+10V, V-=-10V 
C V+=+7.5V, V-=-7.5V 
D V+=+5V, V+=+5V 


20 


Rps(ON) - DRAIN TO SOURCE ON 


Rps(ON)- ORAIN TO SOURCE ON 
RESISTANCE (OHMS) 
r= 


Vp - DRAIN VOLTAGE (VOLTS) Vp - DRAIN VOLTAGE (VOLTS) 


DEVICE POWER DISSIPATION vs. 
SWITCHING FREQUENCY SIGNAL LOGIC INPUT OFF ISOLATION vs. FREQUENCY 


100 


Ss a 
(2a Ges eae — 
er a 
a ee ay 1000 
Rk as aes 2 60 
: Bakes = ul meted 
— 10 eee Mees: GEES EE oe 7 1 
3 ES SE — = ee V+ = +15V, V-=-15V 
E aes oo aes Soe | ae = CLOAD = 3pF 
= Sa SS EY : = vee 1Vaws 
PA eS Bos ee es 0 
S el es R/S 105 106 107 108 
c 
= Pecks “eae Re f - FREQUENCY (Hz) 
o 
- 1.0 -—__{__{__}{ et a 
Po So oa as 
HI - 300 THRU HI- 303} —#_}——4 
S| eae Ga 


xs Seat 

eb ee ed al 
HI - 304 THRU HI -307 Pet. 
1 10 100 1K 10K 100K 1M 


LOGIC SWITCHING FREQUENCY (Hz) 
50% DUTY CYCLE 


0.1 


IS(OFF) OF ID(OFF) vs. TEMPERATURE* ID(ON) VS. TEMPERATURE* 


10.0 


10.0 


V+=+15V 
V-=-15V 


—_ 
o 
-_ 
o 


0.1 


° 
~ 


DRAIN OFF LEAKAGE CURRENT (nA) 


« 
i] w 

w °o 

o < 

SE ee SE SS EE eee oe 

= a ae 2 ae = a 
= eS AEE UE) ee wi < 
se BRERAUESS GST 241 Aare = = 
z — ( EE ESSE 2 s 
o Wa = = 
= Se a PS $< 
& 5 
c ' 

: de g 
So 
S r) 
2 


TEMPERATURE - 0f T - TEMPERATURE (°C) 


* The net leakage into the source or drain is the N-channel leakage minus the P-channel leakage. This difference can be positive, negative, or zero 
depending on the analog voltage and temperature, and will vary greatly from unit to unit. 


4-132 


HI-307 


DESIGN INFORMATION (continue) 


The information contained in this section has been developed through characterization by Harris Semiconductor and is 
for use as application and design data only. No guarantee is implied. 


Typical Performance Characteristics Unless Otherwise Specified: V+ = +15V, V- = -15V, Ta = +250C 


OUTPUT ON CAPACITANCE vs. DRAIN VOLTAGE DIGITAL INPUT CAPACITANCE vs. INPUT VOLTAGE 
Lag 16 
*. ~ 
— Me 
ws = 
z a 
<x 60 S 12 
5 < 
< 3 
= i = g |. TRANSITION (INDETERMINATE 
z 3 DUE TO ACTIVE INPUT) 3 
> = I HI-300 thru HI-303 
5 30 T ates 2 | a a ee 
° ag Re a: esos es Pea ST AS 
é (x) 
= | 7 HI-304 thru HI-307 
5 1 TRANSITION 
0 2 4 6 8 10 12 14 16 0 2 4 6 8 0 12 14 16 
Vp - ORAIN VOLTAGE (VOLTS) Vin - INPUT VOLTAGE (VOLTS) 
Oo 
On 
INPUT SWITCHING THRESHOLD vs. 2 ve) 
POSITIVE SUPPLY VOLTAGE SWITCHING TIME vs. TEMPERATURE 3 a 
- 
a 77) oad 
3 HI-304 thru HI-307 a ET O Fe 
FA _ V- = -15V 5 
= .3 VINH = +15V 
=o” 
- - ue 
os = 200 
== o 
eo Ed 
BS S 
5s % 100 ->— 
z ~ 
x 
= 
> 
-55 -35 -15 § 25 45 65 85 105 125 
V+ POSITIVE SUPPLY VOLTAGE (VOLTS) 1 dumaniidene 
SWITCHING TIME vs. POSITIVE SUPPLY VOLTAGE SWITCHING TIME vs. NEGATIVE SUPPLY VOLTAGE 
300 
V- = -15V 
os Ta = 25°C ™ 
: VINH = 16V s V+=+15V 
VINL = = : 
2 INL = OV 2 200 — +, = 250¢ 
2 o VINH = +15V 
= 2 Vint = 0V 
= S 
z = 100 
+ 
i=] 
= 
2z 
= 


0 5 10 15 
V - NEGATIVE SUPPLY VOLTAGE (Vv) 


0 5 10 15 
V+ POSITIVE SUPPLY VOLTAGE (V) 
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Dual SPST CMOS Analog Switch 
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Features 


° This Circuit is Processed in Accordance to Mil-Std- 
883 and is Fully Conformant Under the Provisions of 
Paragraph 1.2.1. 


e Analog Signal Range (+15V Supplies) ................. +15V 
® Low Leakage (+259C)...... ee eeceseeeseteenenes 1nA (Max) 
© Low Leakage (+1259C).. 0... eeeteeeeeees 100nA (Max) 
@ Low ON ReSISTANGGE.........ccccsscnasencccccsccceizssococes 501) (Max) 
© CGPS BOOT aia ise credasececcsechecScctcssccosncsvumpes 30pC (Typ) 


e TTL Compatible 

¢ Symmetrical Switch Elements 
e Low Operating Power 

¢ Compatible with DG381 


Applications 


e Sample and Hold, i.e. Low Leakage Switching 

¢ Op Amp Gain Switching, i.e. Low ON Resistance 
e Portable, Battery Operated Circuits 

Low Level Switching Circuits 

Dual or Single Supply Systems 


Pinouts 


H11-381/883 (CERAMIC DIP) 
TOP VIEW 


SW 1 
LOGIC SW 2 
0 OFF 

1 ON 


Description 


The HI-381/883 dual SPST switch is a monolithic device 
fabricated using CMOS technology and the Harris Dielec- 
tric Isolation process. This switch configuration is TTL 
compatible and is a pin-to-pin replacement for the 
DG381. 


This switch features low leakage and supply currents, low 
and nearly constant ON resistance over the analog signal 
range, and low power dissipation. 


The HI-381/883 switch is available in a 14 pin Ceramic DIP 
or a 10 pin Metal Can and operates over the -55°C to 
+1250C temperature range. 


H12-381/883 (METAL CAN) 
TOP VIEW 


* The substrate and case are internally tied to V-. (The 
case should not be used as the V- connection, however.) 
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Specifications HI-381/883 


Absolute Maximum Ratings Thermal Information 

Voltage Between V+ and V- Terminals............++eeeeeeee 44V_ Thermal Resistance Gia Bic 

tVSUPPLY to Ground (V+, V-) .....cccecescercnceesececs +22V Ceramic DIP Package .........-++++0+ 989C/W 30°C/W 

Analog Input Voltage +Vg.......-+-eeee eee ees +VsuppLy +1.5V _ Metal Can Package ...........-..++++. 117°C/W 35°C /W 

A a Fe eee -VsypPLy -1.5V Package Power Dissipation at +759C 

Digital Input Voltage +VA ...... eee e cece cece eee +VsuppLy +4V Ceramic DIP Package .....ncscccncvreccccccvcemeesnees 0.77W 

Minveriieeanedrerssitorts -VsyppLy -4V Metal COMTMCKEOG 2.0 5s ties cosas ectelen ss cans es ene 0.64W 
Package Power Dissipation Derating Factor Above +75°C 

Peak Current (S or D) : 

Pulse att non Pity Cyche NM aturcht Ceramic DIP Packagd... .'.. ccc ceccccacvvcscecece 10.32mW/°C 
& ne : pins f oi AS a oe! OEE CEERI ra Motal Carl PACKAGE foc ck cs ssccc deeb ersecancte’ 8.56mW/°C 
J mk sion Ye ~ se acerrnre er ceutical ne orca 17 sok C CAUTION: Absolute maximum ratings are limiting values, applied 

EE Se MLN SO es.ga ie Peet OAM E ES oe hd es Hee vs + individually, beyond which the serviceability of the circuit may be impaired. 
Storage Temperature Range .......---+..ee+- -659C to +150°C Functional operability under any of these conditions is not necessarily 
Lead Temperature (Soldering 10 S€C)..... 2... cece eens <275°C _ implied. 


Recommended Operating Conditions 


Operating Temperature Range ............+-. -55°C to +1259C LogicLow Level (VAL)...-...ceeeeee cece ce cseeeeeees OV to 0.8V 
Operating Supply Voltage (ELVSUPPLY)-- +--+ see eee eee eee +15V = Logic High Level (VA}})... cece ececcrececes 4.0V to +VSUPPLY 
Analog Input Voltage (VS)... ec ee cece eee e cee eeeens +VSUPPLY 


TABLE 1. D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 
Device Tested at: +VsuppLy = +15V, -VSUPPLY = -15V, GND = OV, Unless Otherwise Specified 


PARAMETERS SUBGROUPS | TEMPERATURE a 
Switch “ON” Va =0.8V, Vp = 10V, Ig =-10mA gr a +250C PE | SOnahseki | 
Resistance $1/S2 as -559C to +1250C ee ss oe 9 , 
VAS OV, Vp=-10V;ig=toma~ | 1] +2800 | 4 50--] | a 
sc as -550Cto+1250¢ | - | 75 | 2 | <p 
Source “OFF” | Is(oFF) | Vs=+14V, Vp =-14V, Va = 4.0V See a Re Oe) o ed 
Leakage Current | . $1/S2 55°C to +125°C -—100--|--100~ -[--na-—| oO 
Vg =-14V, Vp = +14V, Va = 4.0V +250C ie Se OR we 
oy es -55°C to +1250C | -100 | 100 
Drain “OFF” ID(oFF) | Vs=+14V, Vp =-14V, Va = 4.0V +250C 
Leakage Current $1/S2 559°C to +1250C ee Tee tna | 
Vg = -14V, Vp = +14V, Va = 4.0V +250C 
cole -550C to +1250C 


3 
> 


+25°9C 
-§5°C to +1259C 
+25°C 
-55°C to +125°9C 
+25°C 
-559C to +1259C 
+25°9C 
-55°9C to +125°C 
+25°9C 
-55°C to +125°C 
+25°9C 
-559C to +125°C 
+25°C 
-55°C to +125°C 
+25°C 
-559C to +125°9C 


Channel “ON” 
Leakage Current 


3 
> 


ID(ON) Vp = Vs = +14V, Va = 0.8V 1 
$1/S2 
Vp = Vs =-14V, Va = 0.8V 
$1/S2 
Low Level Input TAL All Channels Va = 0.8V 
Current 
High Level Input IAH All Channels Va = 4.0V 
Current 2,3 
Supply Current All Channels Va = 0.8V 
2,3 


= itis 
>| >> 


= 
> 


2 
> 


=) 


Vai = 4.0V, Vao = OV and 
Vai = OV, Van = 4.0V 


All Channels Va = 0.8V 


= 
> 


_ 
> 


Supply Current 


> 


Vai = 4.0V, Vago = OV and 
Vai = OV, Vag = 4.0V 


ct It t it 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
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TABLE 2. A.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 
Device Tested at: +VsyppLy = +15V, -VsuppLy = -15V, GND = OV, Unless Otherwise Specified 


PARAMETERS SYMBOL CONDITIONS 


Turn “ON” Time (ON) 


GROUP A 
SUBGROUPS 


Oe ae 


Turn “OFF” Time 


10, 11 -559C, +125°C 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (NOTE 1) 
Device Characterized at: +VsyppLy = +15V, -Vsuppiy = -15V, GND = OV, Unless Otherwise Specified 


PARAMETERS SYMBOL CONDITIONS 
Switch Input Cis(OFF) | Measured Source to GND +25°9C 
Capacitance 


Capacitance 
Vor ea 4 


Capacitance 


NOTE 1. Parameters listed in Table 3 are controlled via design or process parameters and are not directly tested at final production. These parameters are lab 
characterized upon initial design release, or upon design changes. These parameters are guaranteed by characterization based upon data from 
multiple production runs which reflect lot to lot and within lot variation. 


TABLE 4. ELECTRICAL TEST REQUIREMENTS 


MIL-STD-883 TEST REQUIREMENTS SUBGROUPS (SEE TABLES 1 & 2) 
Interim Electrical Parameters (Pre Burn-in) pikes ce eee Pe 
Final Electrical Test Parameters 1*,.2, 3,9, 10; 11 


Group A Test Requirements 1, 2, 3, 9, 10, 11 


* PDA applies to Subgroup 1 only. 
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Test Circuits 
INPUT LEAKAGE CURRENT ID(OFF) IS(OFF) 


+Vcc 


ID(ON) SUPPLY CURRENTS CHARGE TRANSFER ERROR 


TO MEASUREMENT (b] 
CIRCUITRY WITH INPUT (e) ” 
RESISTANCE OF 1MQ2 aw 
T _sCOR GREATER <r 
= DRIVER = ZO 
f= 1HKz <p 
SQUARE WAVE IF PULSE TEST IS USED: n= 
TR <20ns TR.TF <20ns fe) = 
s ~ 
oO 


Vin (DRIVER) >< 


DROOP CAUSED BY 
DEVICE LEAKAGE 
AND MEASUREMENT 
CIRCUITRY 


SWITCHING TRANSIENT 


NOTE: VoTE may be a positive or negative value 


CROSSTALK 
Rps OFF CHANNEL ISOLATION BETWEEN CHANNELS 


VGEN = 1Vp-p 


For Detail Information Refer to HI-381/883 Test Tech Brief 
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Test Waveforms 


Vo 


3 SWITCH 
Vs = +3V OUTPUT 
LOGIC 
INPUT 


LOGIC “1 = SWITCH ON 


LOGIC VINH 
INPUT - 50% 4 50% 
0 
4 
Vs 
90% 10% 
OV 


SWITCH 
OUTPUT 


NOTES: 

1. Ry = 3000: Cy = 33pF 

2. VINH = 4V 
RISETIME (0.4V to 3.6V) < 20ns 
FALLTIME (3.6V to 0.4V) < 20ns 


4-138 


HI-381/883 


Burn-In Circuits 


Hi-381/883 CERAMIC DIP 


V+ 

5 
oO 

HI-381/883 METAL CAN s ” 
Z6 
<P 
n= 
of 
s W 
O 
NOTES: 


Rz = Ro = 10KN, 5%, (per socket) 

Cz = Co = 0.01uF (per socket) or 0.1uF (per row) 
Dy = Dg = IN4002 Equivalent (per board) 

|(V+) - (V-)| = 30V 
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Schematic Diagram 


DIGITAL INPUT BUFFER AND LEVEL SHIFTER 


V+ O 
: Fe ~felee Hee , 
sy a A 


200 
LOGIC IN© 
ae = 
DIA 
MN1A MN8A 
GNDO 
v-O 
SWITCH CELL 
DRIVER 
(ONE PER SWITCH CELL) 


SWITCH CELL 
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Die Characteristics 


DIE DIMENSIONS: 
76 x 60.6 x 19 mils 


METALLIZATION: 
Type: Aluminum 
Thickness: 16kA + 2kA 


GLASSIVATION: 
Type: Nitride 
Thickness: 7kA + 0.7kA 
DIE ATTACH: 
Material: Gold/Silicon Eutectic Alloy 
Temperature: Ceramic DIP — 460°C (Max) 
Metal Can — 420°C (Max) 
WORST CASE CURRENT DENSITY: 
3.9 x 105A/cm2 at 20mA 
This device meets Glassivation Integrity Test 
requirement per Mil-Std-883 Method 2021 and 
Mil-M-38510 paragraph 3.5.5.4. 


Metallization Mask Layout 


HI-381/883 
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H/I-381/883 


Packaging t 
14 PIN CERAMIC DIP 


755 


.785 
-OO5 MIN 


LEAD MATERIAL: Type B 
LEAD FINISH: Type A 
PACKAGE MATERIAL: Ceramic, 90% Alumina 
PACKAGE SEAL: 
Material: Glass Frit 
Temperature: 450°C + 10°C 
Method: Furnace Seal 


10 PIN METAL CAN 


335 321 
375 325 


Pam 


Oo 
15° 


* INCREASE MAX LIMIT BY .003 INCHES 


MEASURED AT CENTER OF FLAT FOR 
SOLDER FINISH 


INTERNAL LEAD WIRE: 

Material: Aluminum 

Diameter: 1.25 Mil 

Bonding Method: Ultrasonic 
COMPLIANT OUTLINE: 38510 D-1 


240 


* Maximum Limits are Increased by 0.003 inches for Solder Dip Finish. 


LEAD MATERIAL: Type A 
LEAD FINISH: Type C 
PACKAGE MATERIAL: Kovar Header with Nickel Can 
PACKAGE SEAL: 
Material: No Seal Material 
Temperature: Room Temperature 
Method: Resistance Weld 


NOTE: All Dimensions are ail , Dimensions are in inches. 
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INTERNAL LEAD WIRE: 

Material: Aluminum 

Diameter: 1.25 Mil 

Bonding Method: Ultrasonic 
COMPLIANT OUTLINE: 38510 A-2 


t Mil-M-38510 Compliant Materials, Finishes, and Dimensions. 


Ga? HARRIS 
DESIGN INFORMATION 


1-381 


Dual SPST CMOS Analog Switch 


The information contained in this section has been developed through characterization by Harris Semiconductor and is 
for use as application and design data only. No guarantee is implied. 


Typical Performance Characteristics Unless Otherwise Specified: V+ = +15V, V- = -15V, Ta = 25°C 


RDS(ON) Ys: Vp AND TEMPERATURE RDS(ON) Vs. Vp AND POWER SUPPLY VOLTAGE 


V+ =+15V 
V- = -15V 


RESISTANCE (OHMS) 
& 


A V+= +15V, V-=-15V 
B V+=+10V, V-=-10V 
C V+=+7.5V, V-=-7.5V 
D V+=+5V, V+=+5V 


20 


Rps(On) - DRAIN TO SOURCE ON 
Rps(ON)- DRAIN TO SOURCE ON 
RESISTANCE (OHMS) 
é 


Vp - DRAIN VOLTAGE (VOLTS) Vp - DRAIN VOLTAGE (VOLTS) 


DEVICE POWER DISSIPATION vs. 
SWITCHING FREQUENCY SIGNAL LOGIC INPUT OFF ISOLATION vs. FREQUENCY 


V+=+15V 
V- = -15V 
Ta = 259C 


1 
si V+ = +15V, V- = -15V 
CLOAD = 3pF 
Vs = 1VRMS 


|Vs/Vp|- GFF ISOLATION (dB) 


f - FREQUENCY (Hz) 


Pd - POWER DISSIPATION 


100 1 10K 100K 1M 


LOGIC SWITCHING FREQUENCY TIME 
50% DUTY CYCLE 


IS(OFF) °F ID(OFF) VYS- TEMPERATURE* ID(ON) VS: TEMPERATURE* 


10.0 


V+ = +15V 
V+= 15V 
V-=-15V 

|Vo|=|Vsl= 14V 


0.1 0.1 


Ip(ON) - CHANNEL LEAKAGE 
LEAKAGE (nA) 


Is(oFF) OR Ip(orF) - SOURCE OR 
DRAIN OFF LEAKAGE CURRENT (nA) 


TEMPERATURE - °C T - TEMPERATURE (°C) 


* The net leakage into the source or drain is the N-channel leakage minus the P-channel leakage. This difference can be positive, negative, or zero 
depending on the analog voltage and temperature, and will vary greatly from unit to unit. 
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SWITCHES 


HI-381 
DESIGN INFORMATION (continued) 


The information contained in this section has been developed through characterization by Harris Semiconductor and is 
for use as application and design data only. No guarantee is implied. 


Typical Performance Characteristics Unless Otherwise Specified: V+ = +15V, V- = -15V, Ta = +250C 


OUTPUT ON CAPACITANCE vs. DRAIN VOLTAGE DIGITAL INPUT CAPACITANCE vs. INPUT VOLTAGE 
belly 
‘S 
8 g 
Z = 
< rar) 
z “0 = TRANSITION (INDETERMINATE 
“A S DUE TO ACTIVE INPUT) 
5 : 
3 " A HI-381 thru HI-390 
z 2 
i—] o 
{=} 
S 20 0 
Ee er Be ce ae ea ee 2 4:8 8-0 12 04 10 48 
Vp - DRAIN VOLTAGE (VOLTS) Vin - INPUT VOLTAGE (VOLTS) 
SWITCHING TIME vs. TEMPERATURE SWITCHING TIME vs. POSITIVE SUPPLY VOLTAGE 
300 
V+ = +15V V- = -15V 
a | V-=-15V os Ta = 25°C 
£ Et VINH = +4.0V 
Es 200+ VINL = OV = VINL = OV 
- - 
2 Z 
2 100 E 
FA z 
is - 
= 
0 S 
-55 -35 -15 5 25 45 65 85 105 125 
T - TEMPERATURE (°C) 
V+ POSITIVE SUPPLY (V) 
INPUT SWITCHING THRESHOLD vs. 
SWITCHING TIME vs. NEGATIVE SUPPLY VOLTAGE POSITIVE SUPPLY VOLTAGE 


VOLTAGE (VOLTS) 


V+= 15V 
Ta = 25°C 
VINH =4V 
VINL = 0V 


tonAorr - SWITCHING TIME (us) 
VTH - INPUT SWITCHING THRESHOLD 


V+ POSITIVE SUPPLY VOLTAGE (VOLTS) 


V - NEGATIVE SUPPLY (VOLTS) 
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Features 


e This Circuit is Processed in Accordance to Mil-Std- 


883 and is Fully Conformant Under the Provisions of 
Paragraph 1.2.1. 


e Analog Signal Range (+15V Supplies) ................. +15V 
© Low Leakage (+259C)..........cssccesesssssneeseeesennes 1nA (Max) 
@ Low Leakage (+1259C).........ssssecssssseeesees 100nA (Max) 
© Low ON Resistance. ............:cccccceccssscersnessennenees 502 (Max) 
© Charge Injection. ..........ccsccecssssceeeesseecenseseees 30pC (Typ) 
e TTL Compatible 

e Symmetrical Switch Elements 

e Low Operating Power 

e Compatible with DG384 

Applications 

e Sample and Hold, i.e. Low Leakage Switching 

e Op Amp Gain Switching, i.e. Low ON Resistance 

® Portable, Battery Operated Circuits 

e Low Level Switching Circuits 

e Dual or Single Supply Systems 


Pinout 


1-384/883 


Dual DPST CMOS Analog Switch 


Description 


The HI-384/883 dual DPST switch is a monolithic device 
fabricated using CMOS technology and the Harris Dielec- 
tric Isolation process. This switch configuration is TTL 
compatible and is a pin-to-pin replacement for the 
DG384. 


This switch features low leakage and supply currents, low 
and nearly constant ON resistance over the analog signal 
range, and low power dissipation. 


The HI-384/883 switch is available in a 16 pin Ceramic 
DIP and operates over the -559C to +1259C temperature 
range. 


HI1-384/883 (CERAMIC DIP) 
TOP VIEW 
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Specifications HI-384/883 


Absolute Maximum Ratings 


Voltage Between V+ and V- Terminals........... a 44V 
£Vaupery 1 GRU OE Va) oso ieccnes as csc cuss +22V 
Analog Input Voltage +Vs............ 2c eee +VSUPPLY +1.5V 
o. Wet Ot ere Peer ee -VSUPPLY -1.5V 
Digital Input Voltage +Va ......... eee eee eee eee +VsuPPLy +4V 
SMR vid 0 6wds 4s tele sap ee eS nae -VSUPPLY -4V 

Peak Current (S or D) 

(Pulse at 1ms, 10% Duty Cycle Max) ................... 40mA 
STATE SME ONE, ws ge su cus Pula CE Re te GE De onicat es 30mA 
Junction Temperative bo Oe Or i ie Ss oe +175°9C 
Storage Temperature Range ................. -659C to +150°C 
Lead Temperature(Soldering 10 sec). ................0. <275°9C 


Thermal Information 


Thermal Resistance Gia Bic 
Ceramic DIP Package................. 88°C/W 24°9C/wW 
Package Power Dissipation at +75°C 


CAOTOR TIE POCMOUIG is ok ioc coves dsiscace cecvs ccamene 0.85W 
Package Power Dissipation Derating Factor Above +75°C 
COPEITIG EINE” CUI 5 sonic a ciu'cv Sins vuveasbuces cs 11.36mW/°C 


CAUTION: Absolute maximum ratings are limiting values, applied 
individually, beyond which the serviceability of the circuit may be impaired. 
Functional operability under any of these conditions is not necessarily 
implied. 


Recommended Operating Conditions 


Operating Temperature Range ............... -§59C to +125°9C 
Operating Supply Voltage (t{VsyppLy)..... 2,-2.0. eee ee eee +15V 
PUNO WPM VOSS (VY oo og nen sce ton pes snp ce ages +VSUPPLY 


Logic. Low. Lawel (Val)... 00 0sccccccccces ud -ehebiennads OV to 0.8V 
Logic ign Lael (V pes)... s ine ces vewccctnves 4.0V to +VsuppLy 


TABLE 1. D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 
Device Tested at: +VsuppLy = +15V, -VsuppLy = -15V, GND = OV, Unless Otherwise Specified 


D.C. 


PARAMETERS CONDITIONS 


SYMBOL 


Switch “ON” 
Resistance 


VA = 4.0V, Vp = 10V, lg = -10mA 
S$1/S2/S3/S4 


Source “OFF” 


Leakage Current $1/S2/S3/S4 


S$1/S2/S3/S4 


IS({OFF) 


Drain “OFF” 


Leakage Current $1/S2/S3/S4 


$1/S2/S3/S4 


Channel “ON” 
Leakage Current 


Low Level Input 
Current 


Vai = OV, Va = 4.0V and 
Vai = 4.0V, Vao = OV 


Supply Current 


Vai = OV, Vag = 4.0V and 
Vai = 4.0V, Vao = OV 


Va = 4.0V, Vp = -10V, Is = 10mMA 
S1/S2/S3/S4 


Vs = +14V, Vp = -14V, Va = 0.8V 


Vs = -14V, Vp = +14V, Va = 0.8V 
Vs = +14V, Vp = -14V, Va = 0.8V 


Vg = -14V, Vp = +14V, Va = 0.8V 


Vp = Vs = £14V, Va = 4.0V 
S1/S2/S3/S4 
Vp = Vs = £14V, Va = 4.0V 
$1/S2/S3/S4 
AL All Channels Va = 0.8V 
2,3 -55°C to +125°C 


> 
<= 
> 
Q 
- 
D 
3 
= 
© 
o 
< 
> 
| Il 
b 
(2) 
< 


All Channels Va = 0.8V 


GROUP A 
SUBGROUPS 


UNITS 


TEMPERATURE 


? 
ras0ct0 112800 | 1 


75 


oi 


=] 
> 


Hele fela 
PSE PEP EEEPP EEE Peis 


2,3 


SP PPP EPP ED 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 


4-146 


HI-384/883 


TABLE 2. A.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 
Device Tested at: +VsyppLy = +15V, -VsSuPPLy = -15V, GND = OV, Unless Otherwise Specified 


LIMITS 
GROUP A 
PARAMETERS SYMBOL CONDITIONS SUBGROUPS | TEMPERATURE SMin | MAX | UNITS 


ae ee EES 
PP Re ce ie 
ot Cee ee ee 
Petar eg |e] Miia 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (NOTE 1) 


Turn “ON” Time t(ON) 


Turn “OFF” Time 


Device Characterized at: +Vsyppiy = +15V, -VsuppLy = -15V, GND = OV, Unless Otherwise Specified 


ah ela md il a 
Capacitance 
Cc1 = pF 


10 


Driver Input 


Capacitance = 


Switch Output Cos Measured Drain to GND 
Capacitance 


Off Isolation Viso. | f=1MHz, VGEN=1Vp-p a 


se) 
7 


NOTE 1. Parameters listed in Table 3 are controlled via design or process parameters and are not directly tested at final production. These parameters are lab 
characterized upon initial design release, or upon design changes. These parameters are guaranteed by characterization based upon data from 


multiple production runs which reflect lot to lot and within lot variation. 


TABLE 4. ELECTRICAL TEST REQUIREMENTS 


MIL-STD-883 TEST REQUIREMENTS SUBGROUPS (SEE TABLES 1 & 2) 
Interim Electrical Parameters (Pre Burn-in) 
Final Electrical Test Parameters 1*, 2,3, 9, 10, 11 


Group A Test Requirements 1,.2,3:.9, 16, TI 


* PDA applies to Subgroup 1 only. 
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H1-384/883 


Test Circuits 
INPUT LEAKAGE CURRENT ID(OFF) 


IS(OFF) 


SUPPLY CURRENTS 


ID(ON) 


CHARGE TRANSFER ERROR 


s - TO MEASUREMENT 


CIRCUITRY WITH INPUT 
RESISTANCE OF 1M{2 
OR GREATER 


OIMt 


= DRIVER = 
f= 1HKz 

SQUARE WAVE 
TR <20ns 


Vin (DRIVER) >< 


IF PULSE TEST IS USED: 
TR.TE <20ns 


DROOP CAUSED BY 
DEVICE LEAKAGE 
AND MEASUREMENT 
CIRCUITRY 


SWITCHING TRANSIENT 


NOTE: VoTE may be a positive or negative value 


CROSSTALK 
Rps OFF CHANNEL ISOLATION BETWEEN CHANNELS 


VGEN =1Vp-p 
mKQ 
f= 1MHz 


For Detail Information Refer to HI-384/883 Test Tech Brief 
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HI-384/883 


Test Waveforms 


Vo 
SWITCH 
OUTPUT 


LOGIC ‘1’"= SWITCH ON 


LOGIC VINH 
INPUT + 50% : 50% 
OV 


CMOS ANALOG 
SWITCHES 


SWITCH 


NOTES: 
1. Ry = 300: Cy = 33pF 
2. VINH = 4V 


RISETIME (0.4V to 3.6V) < 20ns 
FALLTIME (3.6V to 0.4V) < 20ns 
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Burn-In Circuit 


NOTES: 

Ry = Ro = Rg = Rg = 10k0, 5%, 1/4 or 1/2 watt 
Cz = Co = 0.01yF (per socket) or 0.1uF (per row) 
D1 = Do = IN4002 or Equivalent (per board) 
|(V+) - (V-)| = 30V 


HI-384/883 


HI-384/883 CERAMIC DIP 
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D2 


Di 


O V+ 


HI-384/883 


Schematic Diagram 


DIGITAL INPUT BUFFER AND LEVEL SHIFTER 


V+ 


LOGIC INO 


SWITCH CELL 
DRIVER 
(ONE PER SWITCH CELL) 


SWITCHES 


SWITCH CELL 


CMOS ANALOG 
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HI-384/883 


Die Characteristics 


DIE DIMENSIONS: 
76 x 83.9 x 19 mils 
METALLIZATION: 
Type: Aluminum 
Thickness: 16kA + 2kA 
GLASSIVATION: 
Type: Nitride 
Thickness: 7kA + 0.7kA 
DIE ATTACH: 
Material: Gold/Silicon Eutectic Alloy 
Temperature: Ceramic DIP — 460°C (Max) 
WORST CASE CURRENT DENSITY: 
3.9 x 10°A/cm2 at 30mA 
This device meets. Glassivation Integrity Test 
requirement per Mil-Std-883 Method 2021 and 
Mil-M-38510 paragraph 3.5.5.4. 


Metallization Mask Layout 
HI-384/883 


D4 D2 $2 IN2 
1220 11 “810 
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HI-384/883 


Packaging' 


16 PIN CERAMIC DIP 


al 


« INCREASE MAX LIMIT BY .003 INCHES 
MEASURED AT CENTER OF FLAT FOR 


SOLDER FINISH 
LEAD MATERIAL: Type B INTERNAL LEAD WIRE: 
LEAD FINISH: Type A Material: Aluminum 
PACKAGE MATERIAL: Ceramic, 90% Alumina Diameter: 1.25 Mil 
PACKAGE SEAL: Bonding Method: Ultrasonic 


Material: Glass Frit COMPLIANT OUTLINE: 38510 D-2 


Temperature: 450°C + 109°C 
Method: Furnace Seal 


CMOS ANALOG 
SWITCHES 


NOTE: All Dimensions are a , Dimensions are in inches. t Mil-M-38510 Compliant Materials, Finishes, and Dimensions. 
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Gg? HARRIS 
DESIGN INFORMATION 


1-384 


Dual DPST CMOS Analog Switch 


The information contained in this section has been developed through characterization by Harris Semiconductor and is 
for use as application and design data only. No guarantee is implied. 


Typical Performance Characteristics Unless Otherwise Specified: V+ = +15V, V- = -15V, Ta = +250C 
RDS(ON) Ys: Vp AND TEMPERATURE RDS(ON) Vs. Vp AND POWER SUPPLY VOLTAGE 


Ta = 259C 


es 
20 A V+=+15V, V-=-15V ie 
+10 +1 


Rps(ON) - DRAIN TO SOURCE ON 
RESISTANCE (OHMS) 


B V+=+10V, V-=-10V 
C V+=+7.5V, V-=-7.5V 
D V+=+5V, V+=+5V 


Rps(oN)- DRAIN TO SOURCE ON 
RESISTANCE (OHMS) 
é 


-15 -10 -§ 0 +5 
Vp - DRAIN VOLTAGE (VOLTS) Vp - DRAIN VOLTAGE (VOLTS) 


DEVICE POWER DISSIPATION vs. 


SWITCHING FREQUENCY SIGNAL LOGIC INPUT OFF ISOLATION vs. FREQUENCY 
= 10 
V+= +15V z 80 
V-= -15V & 
Ta = 250C 5 60 
Vs = 15V & 
= V+ = +15V, V-= -15V 
< S 20+ ¢ = 3pF 
g 2 : Vs" 1VAMS 
ri 105 106 107 108 
= f - FREQUENCY (Hz) 
= 
1 10 100 1K 10K 100K 1M 
LOGIC SWITCHING FREQUENCY TIME 
50% DUTY CYCLE 
IS(OFF) OF ID(OFF) vs. TEMPERATURE“ ID(ON) vs: TEMPERATURE* 
10.0 10.0 
SRLS Lace 
a: 32 
es Z 3 
So == 
zs 0.1 s 0.1 
0.01 0.01 
25 25 75 125 
TEMPERATURE - °C T - TEMPERATURE (0C) 


* The net leakage into the source or drain is the N-channel leakage minus the P-channel leakage. This difference can be positive, negative, or zero 
depending on the analog voltage and temperature, and will vary greatly from unit to unit. 
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HI-384 


DESIGN INFORMATION (continued) 


The information contained in this section has been developed through characterization by Harris Semiconductor and is 
for use as application and design data only. No guarantee is implied. 


Typical Performance Characteristics Unless Otherwise Specified: V+ = +15V, V- = -15V, Ta = *25°C 


OUTPUT ON CAPACITANCE vs. DRAIN VOLTAGE DIGITAL INPUT CAPACITANCE vs. INPUT VOLTAGE 
_ 70 
‘ 
rs < 
= 60 ws 
o =z 
< i 
< o 
o 40 t- 4 
‘# = TRANSITION (INDETERMINATE 
el o DUE TO ACTIVE INPUT) 
> e 
= = 
> 30 2 
° \ HI-381 thru HI-390 
2 z 
o o 
i=] 
© 20 
0 2 4 6 8 0 12 14 16 2 4 6 8 10 12 14 16 18 
Vp - DRAIN VOLTAGE (VOLTS) Vin - INPUT VOLTAGE (VOLTS) 
© 
SWITCHING TIME vs. TEMPERATURE SWITCHING TIME vs. POSITIVE SUPPLY VOLTAGE 3 4 
ZG 
<P 
300 o> 
V+=+15V re) > 
V- = -15V _ ss” 
2 VINH = 4.0V 3 al 
sS 200 = 
- = 
o o 
z =z 
= = 
= = 
= 100 = 
7 
= ] 
= 
0 ig 
-55 -35 -15 5 25 45 65 85 105 125 
T - TEMPERATURE (°C) 
V+ POSITIVE SUPPLY (V) 
SWITCHING TIME vs. NEGATIVE SUPPLY VOLTAGE INPUT SWITCHING THRESHOLD vs. 


POSITIVE SUPPLY VOLTAGE 


Vt - INPUT SWITCHING THRESHOLD 
VOLTAGE (VOLTS) 


tON/AOFE - SWITCHING TIME (us) 


Ta = 25°C 
Vinn = 4V 
VINL = 0V V+ POSITIVE SUPPLY VOLTAGE (VOLTS) 


0 5 10 15 
V - NEGATIVE SUPPLY (VOLTS) 
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iG HARRIS 


1-38 7/883 


SPDT CMOS Analog Switch 


January 1989 


Features 


¢ This Circuit is Processed in Accordance to Mil-Std- 
882 and is Fully Conformant Under the Provisions of 
Paragraph 1.2.1. 


¢ Analog Signal Range (+15V Supplies)................. +15V 
® Low Leakage (+259C)....... cc ccseceessseeerseeeeeees 1nA (Max) 
@ Low Leakage (+1259C).......... eeessessereoeees 100nA (Max) 
© Low ON Resistance. ..............ccccccccsesseeseeeeeeeenes 50 (Max) 
® Charge Iii CMO orescctc.-cceoseqncotctcecss-canpivscbeacss 30pC (Typ) 


e¢ TTL Compatible 

¢ Symmetrical Switch Elements 
® Low Operating Power 

¢ Compatible with DG387 


Applications 


Sample and Hold, i.e. Low Leakage Switching 
Op Amp Gain Switching, i.e. Low ON Resistance 
Portable, Battery Operated Circuits 

Low Level Switching Circuits 

Dual or Single Supply Systems 


Pinouts 
HI1-387/883 (CERAMIC DIP) 
TOP VIEW 


0 OFF ON 
1 ON OFF 


Description 


The Hi-387/883 SPDT switch is a monolithic device 
fabricated using CMOS technology and the Harris Dielec- 
tric Isolation process. This switch configuration is TTL 
compatibie and is a pin-to-pin replacement for the 
DG387. 


This switch features low leakage and supply currents, low 
and nearly constant ON resistance over the analog signal 
range, break-before-make switching and low power 
dissipation. 


The HI-387/883 switch is available ina 14 pin Ceramic DIP 
or a 10 pin Metal Can and operates over the -559C to 
+1250C temperature range. 


HI2-387/883 (METAL CAN) 
TOP VIEW 


*The substrate and case are internally tied to V-. (The 
case should not be used as the V- connection, however.) 
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Specifications HI-387/883 


Absolute Maximum Ratings 


Voltage Between V+ and V- Terminals..............eeeeeeee 44V 
+VsouPPLY to Ground (V+, V-) ....cccccccccccccceccccees +22V 
Analog Input Voltage +Vs.........eeeeeeeeeee +VSuUPPLY +1.5V 
oo: tates COSCO Eee -VSUPPLY -1.5V 
Digital Input Voltage +VA ....... cece eee e eens +VsuppLy +4V 
ni CODIIs ick CO Ea -VSUPPLY -4V 

Peak Current (S or D) 

(Pulse at 1ms, 10% Duty Cycle Max) ............eceeees 40mA 
GOMMAUIBUS CTO ca ciccisdoccce Css st hccsc ges sesecis 30mA 
RINCUON TOMMOFBIITO 6. osc bo ks ct cctgciemacceccdecscce +175°C 
Storage Temperature Range ..............005 -659C to +150°C 
Lead Temperature (Soldering 10 Sec)..........eeeeeeees <275°9C 


Thermal Information 


Thermal Resistance Bia Bic 
Ceramic DIP Package ...............25- 98°C/W 30°C/W 
Metal Can Package .........cccceeeees 117°9C/W = 35°C/W 

Package Power Dissipation at +75°C 
Ceranic DIP Package 5 «sis occ sagiy 0:0 1s ep aeeenewe 0.77W 
NMGtAl CON POCKOO oie. sins ct cans opiodns can PO 0.64W 

Package Power Dissipation Derating Factor Above +75°C 
Ceramic DIP Package’.......cssccorsccccscscens 10.32mW/°C 
Motel Car Pacer. oo. sik ovicas aces scien ee nen sees 8.56mW/°C 


CAUTION: Absolute maximum ratings are limiting values, applied 
individually, beyond which the serviceability of the circuit may be impaired. 
Functional operability under any of these conditions is not necessarily 
implied. 


Recommended Operating Conditions 


Operating Temperature Range ............... -559C to +125°C 
Operating Supply Voltage (EVSUPPLY)----- ++ sees eee eeeee +15V 
Analog Input Voltage (VS) ...... cece e cee ceeeneecees +VSUPPLY 


Logic Low Lev@h{V At). «a5 + siccecangseccesecccssnence OV to 0.8V 
Logic High Level (Vais)......cccccccccccccces 4.0V to +VsSuUPPLY 


TABLE 1. D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 
Device Tested at: +VsuppLiy = +15V, -VsuPPLy = -15V, GND = OV, Unless Otherwise Specified 


Switch “ON” 


Resistance $1/S2 


$1/S2 


Source “OFF” 
Leakage Current 


Drain “OFF” 
Leakage Current 


Channel “ON” 
Leakage Current 


Low Level Input 
Current 
High Level Input 
Current 


Supply Current 


ID(ON) Vp = Hie ~~ aig +14V, Va = 4.0V 
Hie ~~ aig 

Vp = Vs =-14V, Va = 4.0V 
$1/S2 


Supply Current 


D.C. GROUP A 
PARAMETERS |SYMBOL CONDITIONS SUBGROUPS | TEMPERATURE 


Va=40UVp=10v,is=-10ma | 1 | sae | - | so | 


VA = 4.0V, Vp = -10V, Ig = 10mMA 
IS(OFF) | VS=+14V, Vp = ao , VA = 0.8V 
$1/S2 
Vs =-14V, Vp = +14V, Va = 0.8V 
$1/S2 
ID(OFF) | VS =+14V, YB. iy , VA = 0.8V 
Vs = -14V, Vp = +14V, Va = 0.8V 
$1/S2 


ee 
ea ada ca 
1 


| 23 |ssecto+tzsec | - | 75 | a 


+25°C 
-55°C to +1250¢ | - | 
+25°C 
-559C to +125°C 
+25°9C 
-55°C to +1250C 
+25°C 
-55°C to +125°C 
+25°0C 
-§5°C to +1259C 
+25°9C 
-55°C to +1259C 
+25°9C 
-55°9C to +125°C 
+25°C 
-55°C to +125°C 
+25°C 
-55°C to +125°C 
+25°C 
-55°C to +125°C 
+25°9C 
-55°C to +125°C 
+25°9C 
-55°C to +125°C 
+25°C 
-55°C to +125°C 


SSOSIOSTOTOSONCNCOLCLCGES 


> 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
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CMOS ANALOG 
SWITCHES 


HI-387/883 


TABLE 2. A.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 


Device Tested at: +VsuppLy = +15V, -VsuppLy = -15V, GND = OV, Unless Otherwise Specified 
GROUP A 


PARAMETERS SYMBOL CONDITIONS SUBGROUPS | TEMPERATURE pMIn | Max. | UNITS 


owe | tom ee ee 
ee 
ee ee 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (NOTE 1) 


Turn “OFF” Time 


Device Characterized at: +Vsyppiy = +15V, -VsyppLy = -15V, GND = OV, Unless Otherwise Specified 
LIMITS 
PARAMETERS SYMBOL CONDITIONS TEMPERATURE | min | MAX | UNITS 


Driver Input 
Capacitance 


Switch Output 
Capacitance 


f = 1MHz, VGEN = 1Vp-p 


Vs = GND, Cy = 0.01yF 


NOTE 1. Parameters listed in Table 3 are controlled via design or process parameters and are not directly tested at final production. These parameters are lab 
characterized upon initial design release, or upon design changes. These parameters are guaranteed by characterization based upon data from 


multiple production runs which reflect lot to lot and within lot variation. 


TABLE 4. ELECTRICAL TEST REQUIREMENTS 


MIL-STD-883 TEST REQUIREMENTS SUBGROUPS (SEE TABLES 1 & 2) 
Interim Electrical Parameters (Pre Burn-in) ee ee ee 


1 
Final Electrical Test Parameters 1°78, 3; oro, rl 


Group A Test Requirements 1,2, 3,9, 10, 11 


* PDA applies to Subgroup 1 only. 
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HI-387/883 


Test Circuits 
INPUT LEAKAGE CURRENT ID(OFF) IS(OFF) 


SUPPLY CURRENTS 


ID(ON) 


CHARGE TRANSFER ERROR 


TO MEASUREMENT 

CIRCUITRY WITH INPUT rU} 
RESISTANCE OF 1MQ2 On 
T _—sOOR GREATER Ju 
= DRIVER = <i 
f= 1HKz ZS 
SQUARE WAVE | !F PULSE TEST IS USED: < od 
TR S20ns TR.TF <20ns w= 
28 

= 

0 


Vin (DRIVER) >< 


DROOP CAUSED BY 
DEVICE LEAKAGE 
AND MEASUREMENT 
CIRCUITRY 


SWITCHING TRANSIENT 


NOTE: VoTE may be a positive or negative value 


CROSSTALK 
Ros OFF CHANNEL ISOLATION BETWEEN CHANNELS 


VGEN = 1Vp-p 
1KQ 
= 1MHz 


VGEN = 1Vp-p 
KQ 
f= 1MHz 


For Detail Information Refer to HI-387/883 Test Tech Brief 
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HI-387/883 


Test Waveforms 


SWITCH 
OUTPUT 


LOGIC “1” = SWITCH ON 


LoGic VINH 
ov 
| 


Vs | 
% l | 
SWITCH : 3 | 
OUTPUT [ia | | 
| | | 
| 
—a|tonke— =| OFF 
NOTES: 
1. Ry = R_1=R_2 = 3000; Cy = C_1 = CL2 = 33pF 
2. VINH = 4V 


RISETIME (0.4V to 3.6V) <= 20ns 
FALLTIME (3.6V to 0.4V) = 20ns 


Vsi=+3V © 


Vs2=+3V 


Ss} 


LOGIC “1” = SWITCH ON 


INPUT VINH 
ov 


LOGIC 
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HI-387/883 


Burn-I/n Circuits 


HI-387/883 CERAMIC DIP 


+VO 


D2 


a 


HI-387/883 METAL CAN 


CMOS ANALOG 
SWITCHES 


NOTES: 

Ry = Ro = 10K2), 5%, (per socket) 

C1 = Co = 0.01uF (per socket) or 0.1uF (per row) 
Dz = Do = IN4002 Equivalent (per board) 

|(V+) - (V-)| = 30V 
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HI-387/883 


Schematic Diagram 


DIGITAL INPUT BUFFER AND LEVEL SHIFTER 


LOGIC INO 


SWITCH CELL 
DRIVER 
(ONE PER SWITCH CELL) 


SWITCH CELL 


MP5B 


INO { ) OUT 


>| 
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HI-387/883 


Die Characteristics 


DIE DIMENSIONS: 
76 x 60.6 x 19 mils 


METALLIZATION: 
Type: Aluminum 
Thickness: 16kA + 2kk 


GLASSIVATION: 
Type: Nitride 
Thickness: 7k& + 0.7kA 


DIE ATTACH: 
Material: Gold/Silicon Eutectic Alloy 
Temperature: Ceramic DIP — 460°C (Max) 
Metal Can — 420°C (Max) 
WORST CASE CURRENT DENSITY: 
3.9 x 105A/cm2 at 30mA 
This device meets Glassivation Integrity Test 
requirement per Mil-Std-883 Method 2021 and 
Mil-M-38510 paragraph 3.5.5.4. 


Metallization Mask Layout 


HI-387/883 


CMOS ANALOG 
SWITCHES 
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HI-387/883 


Packaging* 
14 PIN CERAMIC DIP 
753 
.785 140 
.005 MIN 170 
.200 MAX 
‘+: 1 
2015 .150 MIN 
060 
125 | e .098 MAX 
180 * 100 
305 BSC 
.02 
.050* 


LEAD MATERIAL: Type B 
LEAD FINISH: Type A 
PACKAGE MATERIAL: Ceramic, 90% Alumina 
PACKAGE SEAL: 
Material: Glass Frit 
Temperature: 450°C + 10°C 
Method: Furnace Seal 


10 PIN METAL CAN 


335 321 
375 .325 


ho 


oO 
15° 


* INCREASE MAX LIMIT BY .003 INCHES 


MEASURED AT CENTER OF FLAT FOR 
SOLDER FINISH 


INTERNAL LEAD WIRE: 
Material: Aluminum 
Diameter: 1.25 Mil . 
Bonding Method: Ultrasonic 
COMPLIANT OUTLINE: 38510 D-1 


.240 


* Maximum Limits are Increased by 0.003 inches for Solder Dip Finish. 


LEAD MATERIAL: Type A 
LEAD FINISH: Type C 
PACKAGE MATERIAL: Kovar Header with Nickel Can 
PACKAGE SEAL: 
Material: No Seal Material 
Temperature: Room Temperature 
Method: Resistance Weld 


NOTE: All Dimensions are a , Dimensions are in inches. 
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INTERNAL LEAD WIRE: 

Material: Aluminum 

Diameter: 1.25 Mil 

Bonding Method: Ultrasonic 
COMPLIANT OUTLINE: 38510 A-2 


t Mil-M-38510 Compliant Materials, Finishes, and Dimensions. 


RpS(ON) - DRAIN TO SOURCE ON 
RESISTANCE (OHMS) 


z 
eS 
- 
= 
3 
i—] 
c 
w 
= 
o 
a 
= 


Is(oFF) OR Ip(oFF) - SOURCE OR 
DRAIN OFF LEAKAGE CURRENT (nA) 


| HARRIS 
DESIGN INFORMATION 


RDS(ON) Vs: Vp AND TEMPERATURE 


Vp - DRAIN VOLTAGE (VOLTS) 


DEVICE POWER DISSIPATION vs. 
SWITCHING FREQUENCY SIGNAL LOGIC INPUT 


V+= +15V 
V-=-15V 
Ta = 2500 
Vs = 15V 


NL 
ali 


PL TATTING 


HI-381 thru HI-390 


1 10 100 1K 10K 100K 1M 


LOGIC SWITCHING FREQUENCY TIME 
50% DUTY CYCLE 


IS(OFF) OF ID(OFF) VS- TEMPERATURE* 


V+ = +15V 
V- = -15V 


NUL 


aoe 
fi ~~ 4 
ag 


125 
TEMPERATURE - °C 


Rps(ON)- ORAIN TO SOURCE ON 
RESISTANCE (OHMS) 


OFF ISOLATION vs. FREQUENCY 


Se 
RE 


1 
me V+ = +15V, V- = -15V 
CLOAD = 3pF 
Vs = 1VRMS 


|Vs/Vp|- OFF ISOLATION (4B) 


Ip(ON) - CHANNEL LEAKAGE 
LEAKAGE (nA) 


1-387 


SPDT CMOS Analog Switch 


The information contained in this section has been developed through characterization by Harris Semiconductor and is 
for use as application and design data only. No guarantee is implied. 


Typical Performance Characteristics Unless Otherwise Specified: V+ = +15V, V- = -15V, Ta = +250C 


Rps(ON) Vs. Vp AND POWER SUPPLY VOLTAGE 


A V+=+15V, V-=-15V 
B V+=+10V, V-=-10V 
C V+=+7.5V, V-=-7.5V 
D V+=+5V, V+=+5V 


Vp - DRAIN VOLTAGE (VOLTS) 


SWITCHES 


RL= 


CMOS ANALOG 


f - FREQUENCY (Hz) 


ID(ON) vs. TEMPERATURE* 


T - TEMPERATURE (°C) 


* The net leakage into the source or drain is the N-channel leakage minus the P-channel leakage. This difference can be positive, negative, or zero 
depending on the analog voltage and temperature, and will vary greatly from unit to unit. 


HI-387 
DESIGN INFORMATION (continued) 


The information contained in this section has been developed through characterization by Harris Semiconductor and is 
for use as application and design data only. No guarantee is implied. 


Typical Performance Characteristics Unless Otherwise Specified: V+ = +15V, V- = -15V, Ta = +250C 


OUTPUT ON CAPACITANCE vs. DRAIN VOLTAGE DIGITAL INPUT CAPACITANCE vs. INPUT VOLTAGE 
= 70 
3 o 
= 60 A 
= o 
< < 
< S 
z 40 = TRANSITION (INDETERMINATE 
= o DUE TO ACTIVE INPUT) 
2 5 
- a 
3 > . HI-381 thru HI-390 
= s 
oa 
© 20 
0 2 8 Ge a0 en 2 4 6 8 10 12 14 16 18 
Vp - DRAIN VOLTAGE (VOLTS) Vin - INPUT VOLTAGE (VOLTS) 
SWITCHING TIME vs. TEMPERATURE SWITCHING TIME vs. POSITIVE SUPPLY VOLTAGE 
V+= +15V V-=-15V 
V- = -15V 7 Ta = 25°C 
z VINH = 4.0V 3 VINH = +4.0V 
= s 
= a 
2 = 
B FA 
S 
6 5 
~65 -35 -15 5 25 45 65 85 105 125 
T - TEMPERATURE (°C) 
V+ POSITIVE SUPPLY (V) 
SWITCHING TIME vs. NEGATIVE SUPPLY VOLTAGE INPUT SWITCHING THRESHOLD vs. 


POSITIVE SUPPLY VOLTAGE 


e 7 
re . 
= c . 
= Fe 4 
= o 
z oO 
= 
=) =e 3 
= RRR RDO 
z 2 Te 
uo S HI-381 thru HI-390 
eee ogy uaee els ae 
5 Ta = 25°C 2 
VINH =4V 0 5 10 15 
VINL =0V V+ POSITIVE SUPPLY VOLTAGE (VOLTS) 


0 5 10 15 
V - NEGATIVE SUPPLY (VOLTS) 
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™ HARRIS 


HI-390/883 


Dual SPDT CMOS Analog Switch 


January 1989 


Features Description 


e This Circuit is Processed in Accordance to Mil-Std- 
883 and is Fully Conformant Under the Provisions of 
Paragraph 1.2.1. 


The HI-390/883 dual SPDT switch is a monolithic device 
fabricated using CMOS technology and the Harris Dielec- 
tric Isolation process. This switch configuration is TTL 


Analog Signal Range (+15V Supplies) 
Low Leakage (+25°C) 

Low Leakage (+125°C) 

Low ON Resistance 

Charge Injection 

TTL Compatible 

Symmetrical Switch Elements 

Low Operating Power 

Compatible with DG390 


compatible and is a pin-to-pin replacement for the 

1nA (Max) DG390. 
100nA (Max) 
500 (Max) 


30pC (Typ) 


This switch features low leakage and supply currents, low 
and nearly constant ON resistance over the analog signal 
range, break-before-make switching and low power 
dissipation. 


The HI-390/883 switch is available in a 16 pin Ceramic 
DIP and operates over the -559C to +125°9C temperature 
range. 


Applications 


Sample and Hold, i.e. Low Leakage Switching 
Op Amp Gain Switching, i.e. Low ON Resistance 


Oo 
Portable, Battery Operated Circuits ° ” 
Low Level Switching Circuits = = 
Dual or Single Supply Systems v= 
of 
Ss ” 

Oo 


Pinout 
HI1-390/883 (CERAMIC DIP) 


TOP VIEW 
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Specifications HI-390/883 


Absolute Maximum Ratings 


Voltage Between V+ and V- Terminals..............cceceees 44V 
£EVQUP PY 10 Ground (VE, V=) oo iieicccs cccencaessstascns +22V 
Analog Input Voltage +Vs.........ceeceeeeees +VsSuPPLY +1.5V 
ob ued as ae ee a -VSUPPLY -1.5V 
Digital Input Voltage +VA .... ccc cece cece e eee eee +VsupPLy +4V 
sf ER ee ae -VSUPPLY -4V 

Peak Current (S or D) 

(Pulse at 1ms, 10% Duty Cycle Max) ............cceeee 40mA 
CORTINA SOO So ccs oh ead niyo dan b> pap wis vide dca 30mA 
AIGIINY VOTEMODUND 560 kin c rie Chen tanieccceeccuctcenee +175°9C 
Storage Temperature Range ..............005 -65°C to +150°C 
Lead Temperature (Soldering 10 sec)...........eeeceees <275°C 


Thermal Information 
) 


Thermal Resistance Bia ic 
Ceramic DIP Package.............000 889C/W 24°9C/W 
Package Power Dissipation at +75°C 
GBPS PACKOGS 5x. oceacv'cwwres v.00 oddes se svctnae 0.85W 
Package Power Dissipation Derating Factor Above +75°C 
CBRNE DWP PACIGOO 2. ooe'o'ss cant yet eee vew antes 11.36mW/°9C 
CAUTION: Absolute maximum ratings are limiting values, applied 


individually, beyond which the serviceability of the circuit may be impaired. 
Functional operability under any of these conditions is not necessarily 
implied. 


Recommended Operating Conditions 


Operating Temperature Range ..............; -55°C to +1259C 9 LogiC Low Level (Val)....-cccscsccccscccccveecceces OV to 0.8V 
Operating Supply Voltage (£VSyppLy)........eeeeeeeeeeee ETSY? Logic High Level (Vats) occ cose censenensestt 4.0V to +VsuppLy 
Analog Input Voltage (Vs) ...... ccc cecee cece eeeeees +VSUPPLY 


TABLE 1. D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 
Device Tested at: +Vsuppiy = +15V, -VsuppLy = -15V, GND = OV, Unless Otherwise Specified 


Switch “ON” 
Resistance 


Van =0.8V $1/S2/S3/S4 


Va2=0.8V $1/S2/S3/S4 


Source “OFF” 
Leakage Current 


IS(OFF) 
VA2=4.0V S1/S2/S3/S4 


Va2=4.0V S1/S2/S3/S4 


Drain “OFF” 
Leakage Current 


Channel “ON” 
Leakage Current 


Low Level Input IAL All Channels Va = 0.8V 
Current 


Vai = OV, Vao = 4.0V and 
Vai = 4.0V, Vago = OV 


Supply Current 


Supply Current All Channels Va = 0.8V 


VA1 = OV, Vao = 4.0V and 
Vai = 4.0V, Vao = OV 


D.C. GROUPA 
PARAMETERS |SYMBOL CONDITIONS SUBGROUPS 


Vai = 4.0V, Vp = 10V, Ig =-10mMA 


VAI=11V,Vp=-10VjIg=tomA | 1 


Vg = +14V, Vp = -14V, Vay = 0.8V 


Vs = -14V, Vp = +14V, Vaz =0.8V 


ID(OFF) | VS = +14V, Vp =-14V, Vay = 0.8V 
VA2=4.0V S1/S2/S3/S4 
Vs = -14V, Vp = +14V, Vaz = 0.8V 
Va2=4.0V S1/S2/S3/S4 
ID(ON) Vp = Vs = +14V, Vaq = 4.0V 
Va2=0.8V $1/S2/S3/S4 
Vp = Vs =-14V, Vay = 4.0V 
Va2=0.8V S1/S2/S3/S4 


High Level Input lAH All Channels Va = 4.0V 
Current 
All Channels Va = 0.8V 


LIMITS 


rewrenrne [| |v 


eee ee 
| 23 |-seectotiz5¢c | - | 7s. [ a 
+25°C 
| 23 |[-850C to +12500 | 
+25°9C 
-55°C to +125°C 
+25°C 
-~§5°9C to +125°9C 
+25°C 
-559C to +125°C 
+25°C 
-~559C to +125°9C 
+259C 
-55°C to +125°C 
+25°C 
-559C to +1259C 
+259C 
-55°C to +125°C 
+25°C 
-55°C to +125°9C 
+25°9C 
-55°C to +125°C 
+25°C 
-55°C to +125°9C 
+25°9C 
-55°C to +125°C 
+25°C 
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CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
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TABLE 2. A.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 


Device Tested at: +Vsyppiy = +15V, -VSUPPLY = -15V, GND = OV, Unless Otherwise Specified 
GROUP A 


| LIMITS 
PARAMETERS SYMBOL CONDITIONS SUBGROUPS | TEMPERATURE | win | Max | UNITS 


ed eo 
ee ee 
ee ct 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (NOTE 1) 


Turn “OFF” Time 


Device Characterized at: +Vsyppiy = +15V, -VsupPLy = -15V, GND = OV, Unless Otherwise Specified 
LIMITS 


PARAMETERS SYMBOL CONDITIONS NOTE TEMPERATURE | min | MAX | UNITS 

| Switch Input Measured Source to GND 1 +25°9C pF 

Capacitance 

Capacitance 

Vaz 15V ee i ee ee 

Switch Output Cos Measured Drain to GND +25°C pF 
Capacitance 

Off Isolation VisOo f = 1MHz, VGEN = 1Vp-p 


Charge Transfer Vs = GND, Cy = 0.01 pF aie ae e: 


NOTE 1. Parameters listed in Table 3 are controlled via design or process parameters and are not directly tested at final production. These parameters are lab 
characterized upon initial design release, or upon design changes. These parameters are guaranteed by characterization based upon data from 
multiple production runs which reflect lot to lot and within lot variation. 


TABLE 4. ELECTRICAL TEST REQUIREMENTS 


MIL-STD-883 TEST REQUIREMENTS SUBGROUPS (SEE TABLES 1 & 2) 
Interim Electrical Parameters (Pre Burn-in) aes Seah. 
Final Electrical Test Parameters 1T*,.2,3,9, 10,11 


Group A Test Requirements 1,2, 3,79, 10, 11 


* PDA applies to Subgroup 1 only. 
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CMOS ANALOG 
SWITCHES 


HI-390/883 


Test Circuits 
INPUT LEAKAGE CURRENT ID(OFF) IS(OFF) 


+V 
$s +Vec 


Vs 


LH) 
(») ie 


Vin 


-Vec 


SUPPLY CURRENTS 


CHARGE TRANSFER ERROR 


ID(ON) 


TO MEASUREMENT 
CIRCUITRY WITH INPUT 
ne RESISTANCE OF 1MQ2 
a OR GREATER 


— DRIVER 
f= 1HKz 
SQUARE WAVE 

TR <20ns 


Vin (DRIVER) >< 


IF PULSE TEST IS USED: 
Tr, TF <20ns 


DROOP CAUSED BY 
DEVICE LEAKAGE 
AND MEASUREMENT 
CIRCUITRY 


SWITCHING TRANSIENT 


NOTE: VoTgE may be a positive or negative value 


CROSSTALK 
Rps OFF CHANNEL ISOLATION BETWEEN CHANNELS 


VGEN = 1Vp-p 
1KQ 
f= IMHz 


VGEN = 1Vp-p 
KQ 
f = 1MHz 


For Detail Information Refer to HI-390/883 Test Tech Brief 
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HI-390/883 


Test Waveforms 


+15V 


Vs=+3V 


LOGIC 
INPUT 


LOGIC “1 = SWITCH ON LOGIC ‘1 = SWITCH ON 


LoGic 
=. VINH INPUT VINH 
INPUT 50% 50% 
ov ov 


| | 
| | | 
SWITCH = | | | | 
OUTPUT | | SWITCH | | OuT2 
Li | OUTPUT \ 50% l # sox 
—=| ton pas —| torr ov | | | 
| 
| | | 
tOPEN—»>{ = —~+{_ — ‘OPEN 
oO 
On 
NOTES: a Wl 
1. Ry = RL1 = R_2 = 3000; CL = C1 = C2 = 33pF = 0 
2. VINH = 4V & > 
RISETIME (0.4V to 3.6V) = 20ns : ” 
1) 


FALLTIME (3.6V to 0.4V) < 20ns 
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Burn-!In Circuit 


e) 
= 


NOTES: 

Ry = Ro = Rg = Rg = 10k, 5%, 1/4 or 1/2 watt 
Cz = Co = 0.01uF (per socket) or 0.1uF (per row) 
Dz = Do = IN4002 or Equivalent (per board) 
|(V+) - (V-)| = 30V 


HI-390/883 


HI-390/883 CERAMIC DIP 
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-V 
C2 D2 

+V 
C4 Dy 


HI-390/883 


Schematic Diagram 


DIGITAL INPUT BUFFER AND LEVEL SHIFTER 


V+ 


LOGIC INO 


SWITCH CELL 
DRIVER 
(ONE PER SWITCH CELL) 


SWITCH CELL 


CMOS ANALOG 
SWITCHES 
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HI-390/883 


Die Characteristics 


DIE DIMENSIONS: 
76 x 83.9 x 19 mils 
METALLIZATION: 
Type: Aluminum 
Thickness: 16kA + 2kK 
GLASSIVATION: 
Type: Nitride 
Thickness: 7kA + 0.7kA 
DIE ATTACH: 
Material: Gold/Silicon Eutectic Alloy 
Temperature: Ceramic DIP — 460°C (Max) 
WORST CASE CURRENT DENSITY: 
3.9 x 10°A/cm2 at 30mA 
This device meets Glassivation Integrity Test 
requirement per Mil-Std-883 Method 2021 and 
Mil-M-38510 paragraph 3.5.5.4. 


Metallization Mask Layout 


HI-390/883 


4-174 


NOTE: All Dimensions are 


HI-390/883 


Packaging* 
16 PIN CERAMIC DIP 
753 
.785 .140 
.00S MIN .170 
 saekcanaea || PRSIRATESENR AER} SSUTI UTISRERR 


.200 MAX 
4 


015 150 MIN 
060 
125 .080 MAX 
180 * 100 
16 BSC 
023 . 
.050 
065 


LEAD MATERIAL: Type B 
LEAD FINISH: Type A 
PACKAGE MATERIAL: Ceramic, 90% Alumina 
PACKAGE SEAL: 
Material: Glass Frit 
Temperature: 450°C + 10°C 
Method: Furnace Seal 


Min , Dimensions are in inches. 
ax 
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.265 
-285 


— 
ml 
. 


* INCREASE MAX LIMIT BY .003 INCHES 
MEASURED AT CENTER OF FLAT FOR 
SOLDER FINISH 


INTERNAL LEAD WIRE: 
Material: Aluminum 
Diameter: 1.25 Mil 
Bonding Method: Ultrasonic 
COMPLIANT OUTLINE: 38510 D-2 


¢ Mil-M-38510 Compliant Materials, Finishes, and Dimensions. 


CMOS ANALOG 


SWITCHES 


Ge HARRIS 
DESIGN INFORMATION 


1-390 


Dual SPDT CMOS Analog Switch 


The information contained in this section has been developed through characterization by Harris Semiconductor and is 
for use as application and design data only. No guarantee is implied. 


Typical Performance Characteristics Unless Otherwise Specified: V+ = +15V, V- = -15V, Ta = +25°0C 


RDS(ON) Vs: Vp AND TEMPERATURE Rps(ON) Vs. Vp AND POWER SUPPLY VOLTAGE 


V+=+15V 
V-=-15V 


A V+=+15V, V-=-15V 

B V+=+10V, V-=-10V 

C V+=+7.5V, V-=-7.5V 
“D V+=+5V, V+=+5V 


RpS(ON) - DRAIN TO SOURCE ON 
RESISTANCE (OHMS) 
Rps(ON)- DRAIN TO SOURCE ON 
RESISTANCE (OHMS) 


Vp - DRAIN VOLTAGE (VOLTS) Vp - DRAIN VOLTAGE (VOLTS) 


DEVICE POWER DISSIPATION vs. 
SWITCHING FREQUENCY SIGNAL LOGIC INPUT OFF ISOLATION vs. FREQUENCY 


1 
a V+ = +15V, V- = -15V 
CLOAD = 3pF 
Vs = 1VRMS 


|Vs/Vp|- OFF ISOLATION (dB) 


f - FREQUENCY (Hz) 


Pd - POWER DISSIPATION 
alll 
ELUNE | LU] 


PE UTMINGET TTI TET 
a | 


100 1K 10K 100K 1M 


LOGIC SWITCHING FREQUENCY TIME 
50% DUTY CYCLE 


IS(OFF) OF ID(OFF) vs. TEMPERATURE“ ID(ON) VS. TEMPERATURE* 


10.0 


V+=+15V 
V-=-15V 


TNT 
TN 


\\ 


it 


Ip(ON) - CHANNEL LEAKAGE 
LEAKAGE (nA) 


DRAIN OFF LEAKAGE CURRENT (nA) 
i—J 


Is(OFF) OR ip(oFF) - SOURCE OR 


TEMPERATURE - °C T - TEMPERATURE (°C) 


* The net leakage into the source or drain is the N-channel leakage minus the P-channel leakage. This difference can be positive, negative, or zero 
depending on the analog voltage and temperature, and will vary greatly from unit to unit. 


4-176 


HI-390 
DESIGN INFORMATION (continued) 


The information contained in this section has been developed through characterization by Harris Semiconductor and is - 
for use as application and design data only. No guarantee is implied. 


Typical Performance Characteristics Unless Otherwise Specified: V+ = +15V, V- = -15V, Ta = +25°C 


OUTPUT ON CAPACITANCE vs. DRAIN VOLTAGE DIGITAL INPUT CAPACITANCE vs. INPUT VOLTAGE 
= ae 
‘S. 
o z 
z & 
o 
: : 
S 40 < 
2 = TRANSITION (INDETERMINATE 
a o DUE TO ACTIVE INPUT) 
= 2 
5 30 Ea 
* ' HI-381 thru HI-390 
= & 
oS 
© 20 
0 2 4 6 8 0 12 14 16 2 4 8 & 10 12 14° 16,;98 
Vp - DRAIN VOLTAGE (VOLTS) Vin - INPUT VOLTAGE (VOLTS) 
Oo 
SWITCHING TIME vs. TEMPERATURE SWITCHING TIME vs. POSITIVE SUPPLY VOLTAGE ° ” 
<r 
20 
300 <- 
V+=+15V as 
V- = -15V re) 
7} a =” 
= = Oo 
= 200 = 
= = 
2 2 
E 100 : 
C y 
- u 
uw 
= 
0 S 
-55 -35 -15 5 25 45 65 85 105 125 
T - TEMPERATURE (°C) 
V+ POSITIVE SUPPLY (V) 
SWITCHING TIME vs. NEGATIVE SUPPLY VOLTAGE INPUT SWITCHING THRESHOLD vs. 
POSITIVE SUPPLY VOLTAGE 
a 
=) 
= FA 
2 
= - 
o -_ 
2 == 
= oO w 
- = 
z B 
a) 
a > 
= = 
g x 
S Tp = 25°C é 


VINH = 4V 
VINL = 0V V+ POSITIVE SUPPLY VOLTAGE (VOLTS) 


0 5 10 15 
V - NEGATIVE SUPPLY (VOLTS) 
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it HARRIS 


HI-5040/883 


SPST CMOS Analog Switch 


January 1989 


Features 


e This Circuit is Processed in Accordance to Mil-Std- 
883 and is Fully Conformant Under the Provisions of 
Paragraph 1.2.1. 

e Wide Analog Signal Range 


e Low “ON” Resistance 502 (Typ) 
1502 (Max) 
e High Current Capability 70mA (Max) 
e Break-Before-Make Switching 


> Turn-On Time 370ns (Typ) 


800ns (Max) 
280ns (Typ) 
400ns (Max) 


> Turn-Off Time 


© No Latch-Up 


e Input MOS Gates Are Protected From Electrostatic 
Discharge 


e DTL, TTL, CMOS, PMOS Compatible 


Applications 


© High Frequency Switching 

¢ Sample and Hold 

¢ Digital Filters 

e Operational Amplifier Gain Switching 


Pinout 
LOGIC “0” INPUT 
TOP VIEW 


HI1-5040/883 (CERAMIC DIP) 


NOTE: Unused pins may be internally connected. 
Ground all unused pins. 


Description 


This CMOS analog switch offers low-resistance switching 
performance for analog voltages up to the supply rails and 
for signal currents up to 70mA. “ON” resistance is low and 
stays reasonably constant over the full range of operating 
signal voltage and current. Ron remains exceptionally 
constant for input voltages between +5V and -5V and 
currents up to 50mA. Switch impedance also changes very 
little over temperature, particularly between O°C and 
+75°C. Ron is nominally 502. 


This device provides break-before-make switching and is 
TTL and CMOS compatible for maximum application 
versatility. Performance is further enhanced by Dielectric 
Isolation processing which insures latch-free operation with 
very low input and output leakage currents (0.8nA at 
+25°9C). This switch also features very low power operation 
(1.5mW at +25°9C). The HI-5040/883 is available in a 16 
pin Ceramic DIP and operates over the -55°C to +125°9C 
temperature range. 


Functional Diagram 


LOGIC “1” INPUT 


NOTE: Source and Drain are arbitrarily depicted as Analog Input and Output respectively. They 
may be interchanged without affecting performance. 
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Specifications HI-5040/883 


Absolute Maximum Ratings 


Voltage Between V+ and V- Terminals...........ceeeeeeeees 36V 
+VSUPPLY to Ground (V+, V-) 0... .eeeccceceessercceeeees +18V 
Vin 10 Ground cece sec esccnnsnsnner ce nasenneaenena -VSUPPLY 
Vi 10 GrOUNNd . ics ces ccc cece cece cenncccccscecens +VSUPPLY 
Digital and Analog Input Voltage (Va, Vs, Vp)-.--- +VSUPPLY +4V 

-VSUPPLY ~4V 
Peak Current (Source to Drain) 

(Pulse at 1ms, 10% Duty Cycle Max) ..........e.eeeees 7OmA 
Continuous Current (Any Pin) 2. ccs ese ccc cdcccccccicces 20mA 
Satcher MOINMINMUNO ord. cc ccsacuscccscsodaccesvesys +175°C 
Storage Temperature Range ..............+5- -65°C to +150°C 
ESE) AUG isis cbse nocedecccccclewedscccevgeeseendedee < 2000V 
Lead Temperature (Soldering 10 S@C)....... 22. c eee ee eee 300°C 


Thermal Information 


Thermal Resistance Sia Bic 
Ceramic DIP Package ........sesecaces 82°C/W 20°C/W 
Package Power Dissipation Limit at +75°C for Ty < +175°C 


COPRIIS TOT ls x be x a ccviceednuces osc5n0s sun kaee 1.0W 
Package Power Dissipation Derating Factor Above +75°C 
Ceramic DIP Package .........cccecccccseccceess 12.3mW/°C 


CAUTION: Absolute maximum ratings are limiting values, applied 
individually, beyond which the serviceability of the circuit may be impaired. 
Functional operability under any of these conditions is not necessarily 
implied. 


Recommended Operating Conditions 


Operating Temperature Range ............... -55°C to +125°C 
COA BUCY WONG oe aiale acs ecrccseeweccessrceeteus +15V 
Logic Supply Voltage (VL)... 1... ceccccccccccccccsccecves +5.0V 
Logic Reference Voltage (Vp) ....... cece eee cence eneeees 0.0V 


Analog Input Voltage (Vs) ...... cece cccccceccccces +VSUPPLY 
PRGWNGRG LI LOVGIV AS) ng once cccccnecsasiencisu sss OV to 0.8V 
Address High Level (Vari)... cc cccccccesccsceners 2.4V to +5.0V 


TABLE 1. D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 


Device Tested at: Supply Voltage = +15V, VL = +5.0V, Vy = 0.0V, VaH = 2.4V, VaL = +0.8V, Unused Pins are Grounded, 


Unless Otherwise Specified. 


Switch “ON” 
Resistance 


Vp =-10V, Ig = 10mA 


Vp = 10V, Ig = -10mA 
IS(OFF) | VS =-10V, Vp = 10V 
a Vs = 10V, Vp = -10V 
ID(OFF) | Vb =-10V, Vs = 10V 
iia Vp = 10V, Vs = -10V 


Source “OFF” 
Leakage Current 


Drain “OFF” 
Leakage Current 


Channel “ON” 
Leakage Current 


Low Level 
Address Current 


Negative 
Supply Current 


Reference 
Supply Current 


GROUP A 
D.C.PARAMETERS |SYMBOL CONDITIONS SUBGROUP | TEMPERATURE 


High Level IAH Va = 2.4V, 5V PTMEME SO 
Address Current Rae Sees 
Positive +Ioc | Va=0V,5V an eee 
Pee eo ee 
ecko ae ae eee 


CAUTION: This device is sensitive to electrostatic discharge. Proper |.C. handling procedures should be followed. 


| MIN | MAX | UNITS 
a es i ee ee ae ee 
| 28 _—(|[-s50Cto+125°C | - | 150 | 2 | 
| + Wedy | tec | | - | iim | 
-559C to +1259C | -10 
: 


-55°C to +125°C 


~55°C to +125°C 


>| > 


3 
>| > 


= 
> 


~55°C to +125°C | -10 


-55°C to +1259C 


-55°C to +125°C 


-55°C to +125°C 


-55°C to +1259C 


-55°C to +125°C 


1 


TfatelL Teles --{-fele-el-{al-fal-fe|- 
PPEPPPPPPEPEEBEEP EEE PEEP 
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CMOS ANALOG 
SWITCHES 


H!I-5040/883 


TABLE 2. A.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 


Device Tested at: Supply Voltage = +15V, V_ = +5.0V, Vp = 0.0V, Vay = +5.0V, VAL = +0.0V, Unused Pins are Grounded, 
Unless Otherwise Specified. 
GROUP A 
SUBGROUPS 


Vs = 10V, -10V 


CL = 10pF 
RL=1kn (ies ceaeee 


+125°9C 


Turn “OFF” Time Vs = 10V, -10V 
CL = 10pF 
Ru = 1k 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (NOTE 1) 
Device Characterized at: Supply Voltage = +15V, V_ = +5.0V, Vp = 0.0V, Vay = 4.0V, VAL = 0.8V, Unused Pins are Grounded, 


Unless Otherwise Specified. 
LIMITS 
PARAMETERS SYMBOL NOTES TEMPERATURE 


“On” Resistance Match RON Vp = +10V 1 +25°9C 10 2 
(Channel to Channel) Match Ip = 10mA 


Switch Output 
Capacitance 


Drain to Source 
Capacitance 
Off Isolation Viso +25°C 
Ri = 1000 
Charge Transfer Error VOTE Vs = GND, C,. = 10,000pF +25°9C mV 
Va = Oto 4V @ f = 200kHz 


NOTE 1. Parameters listed in Table 3 are controlled via design or process parameters and are not directly tested at final production. These parameters are lab 
characterized upon initial design release, or upon design changes. These parameters are guaranteed by characterization based upon data from 
multiple production runs which reflect lot to lot and within lot variation. 


TABLE 4. ELECTRICAL TEST REQUIREMENTS 


Se 


* PDA applies to Subgroup 1 only. 
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Test Circuits 
Rps IS(OFF) ID(OFF) 


10mA Ig (OFF) Ip (OFF) Ig (OFF) Ip (OFF) 


Vv 


Vv 


+10V + 10V +10V + 10V 


y 


SUPPLY CURRENTS 


<HII 


ADDRESS CURRENT 


+ Voc 


CMOS ANALOG 
SWITCHES 


OFF ISOLATION CROSSTALK CHARGE TRANSFER 
TO 
WITCHED MEASUREMENT 
IN OUT phi ee ay s D CIRCUITRY 
VIN VouT WITH INPUT 
0.01Mf | RESISTANCE OF 
(2V)pp oS nt He R vu i aah 
(2V)pp L DRIVER GREATER 
f= 200kHz | IF PULSE TEST IS USED: 
SQUARE WAVE ( Ta, Te < 20ns 
VIN TR < 20ns 
“OFF” ISOLATION = 20 LOG ( ) Vv 
Vout "CROSSTALK" = 20LOG 
VOUT 


Vin (DRIVER) S< 


DROOP CAUSED 
BY DEVICE 

AND 
MEASUREMENT 
CIRCUITRY 


SWITCHING TRANSIENT 


NOTE: Applies only to DUAL or DOUBLE THROW NOTE: Vote may be a positive or negative value. 
switches. 
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HI-5040/883 


Test Characteristics 


ON/OFF SWITCH TIME (ton, torr) 


+ 10V 


SWITCHING TIMES FOR POSITIVE DIGITAL TRANSITION SWITCHING TIMES FOR NEGATIVE DIGITAL TRANSITION 


wees i Ee 
(<> SaaS See ee: 
= eee Se eee 
eosi:< Soler en So 
ne a ee eames 
INE RH dat | TT [a 
ee 
ST aieSe oe | 
eo ee ol Wee, es eed = rd 

‘aoa 2s eS Seaee See 


2.4V 3.0V 3.6V 4.2V 4.8V 0.5V 1.0V 1.5V 
DIGITAL "HIGH" (Vay ) DIGITAL "LOW" (VAL ) 


720 


aust 
he EL 
RNS 


Peale 


ag weeses 
PRL 


ee ae 
i 
\ 
ar 
ase a 
He oa ial BY 


ae 
BESS) 


Test Waveforms 


Vertical Scale: Input = 5V/Div., (TTL; VAH = 5V, VAL = OV) Vertical Scale: Input = 5V/Div., (CMOS; Vay = 10V, VAL = OV) 
Output = 5V/Div. Output = 5V/Div. 


Horizontal Scale: 100ns/Div. Horizontal Scale: 100ns/Div. 
INPUT 


INPUT 


OUTPUT OUTPUT 
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HI-5040/883 


Burn-In Circuit 


HI-5040/883 CERAMIC DIP 


CMOS ANALOG 
SWITCHES 


NOTES: 

R, thru R4 = 10k, +5%, 1/4W (Min) 

Cy, Co, Cg = 0.01yF/Socket (Min) or 0.11F/Row, (Min) 
Dy, Do, Dg = IN4002 or Equivalent/Board 

Vy = 5.5 + 0.5V 

Ay = Ao = 5.5 + 0.5V 

| (V+) - (V-) |= 30V 


4-183 


H!I-5040/883 
Schematic Diagram 
TTL/CMOS REFERENCE CIRCUIT * SWITCH CELL 


VR Ai (A2) 


TO (Vp”) 
TO Py 


OUT 


Ai (A2) 


* Connect V+ to Vi for minimizing power consumption when driving from 
CMOS circuits. 


DIGITAL INPUT BUFFER AND LEVEL SHIFTER 


V+ 


D1 


D2 


All N-Channel Bodies to V- 
All P-Channel Bodies to V+ 
Except as Shown 
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Die Characteristics 


DIE DIMENSIONS: 
96 x 81 x 19mils 
(2430 x 2050 x 480um) 


METALLIZATION: 
Type: Aluminum 
Thickness: 16kA + 2kA 
GLASSIVATION: 
Type: Nitride over Silox 
Silox Thickness: 12kA + 2kA 
Nitride Thickness: 3.5kA + 1kA 


Metallization Mask Layout 


H!I-5040/883 


SUBSTRATE POTENTIAL (Powered-up): V- 
DEVICE COUNT: 8&2 


DIE ATTACH: 
Material: Gold/Silicon Eutectic Alloy 
Temperature: Ceramic DIP — 460°C (Max) 


WORST CASE CURRENT DENSITY: 
1.0 x 105A/cm2 @ 20mA 


HI-5040/883 


CMOS ANALOG 
SWITCHES 


NOTE: Pin Numbers Correspond to DIP Package Only. Unused Pins May Be Connected. Ground All Unused Pins. 
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H!I-5040/883 


Packaging t 


16 PIN CERAMIC DIP 


.265 


| zagonl 


* INCREASE MAX LIMIT BY .003 INCHES 
MEASURED AT CENTER OF FLAT FOR 


SOLDER FINISH 
LEAD MATERIAL: Type B INTERNAL LEAD WIRE: 
LEAD FINISH: Type A Material: Aluminum 
PACKAGE MATERIAL: Ceramic, 90% Alumina Diameter: 1.25 Mil 
PACKAGE SEAL: Bonding Method: Ultrasonic 
; Material: Glass Frit COMPLIANT OUTLINE: 38510 D-2 
\ Temperature: 450°C + 10°C 
Method: Furnace Seal 
NOTE: All Dimensions are svi , Dimensions are in inches. T Mil-M-38510 Compliant Materials, Finishes, and Dimensions. 
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HARES HI-5040 


DESIGN INFORMATION 


SPST CMOS Analog Switch 


The information contained in this section has been developed through characterization by Harris Semiconductor and is for 
use as application and design aid only. These characteristics are not 100% tested and no product guarantee is implied. 


Typical Performance Curves unless Otherwise Specified: Ta = +25°C, VgupPLy = +15V 


“ON” RESISTANCE vs. ANALOG SIGNAL LEVEL 
AND POWER SUPPLY VOLTAGE 


“ON” RESISTANCE - (Ohms) 
5 


| | | ers 
- 10 -5 Oo +5 
ANALOG SIGNAL LEVEL - (VOLTS) 


NORMALIZED “ON” RESISTANCE vs. TEMPERATURE 


NORMALIZED “ON” RESISTANCE 
(REFERRED TO + 25°C) 


TEMPERATURE -(°C) 


NORMALIZED “ON” RESISTANCE vs. ANALOG CURRENT 


NORMALIZED “ON” RESISTANCE 
(REFERRED TO 1mA) 


ANALOG CURRENT - (mA) 
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CMOS ANALOG 
SWITCHES 


H!I-5040 


DESIGN INFORMATION (continued) 


The information contained in this section has been developed through characterization by Harris Semiconductor and is for 
usé as application and design aid only. These characteristics are not 100% tested and no product guarantee is implied. 


Typical Performance Curves. unless Otherwise Specified: Ta = +25°C, Vsyppry = +15V 


ON/OFF LEAKAGE CURRENT vs. TEMPERATURE “OFF” ISOLATION vs. FREQUENCY 


UM A TTT TOT TTT TT 
BEL | 
LAT CTT TICE TTT TTT 
UE TTT TTT ETT 


10018 —> —> — —_ —_—— Se 


SS Oe OS LS SS es SS Ss 
eS SS Se A SS ss a So 


; =e AE A 
2 TB oo TIN TTT ASST A 
ee 2 ee ey ce TL 
SS Se 
i | 
: oo 
‘ope eke d= | ee ee aS | | Tr 
P = SSS SS LL | a 
samen eS TIT CTA PETC TTT TTT 
iOS" bea Bics 1 10 100 1K 10K 100K 1M 
Pe ar FREQUENCY - (Hz) 
250 500 750 100° 1250 
TEMPERATURE - (°C) 
CROSSTALK vs. FREQUENCY POWER CONSUMPTION vs. FREQUENCY 
oT ooo Seen Le soe Tg 
O00 0 ca oR Mee 
IT PETITE TTT TTT TTT = mea eee era 
geo cA TTT TMT TTT TT E 160 


Sa is S200 A A 
5 eo HS Th 
a SU TT EE 
oo CMSA T= ve SOT 
5 CO Tae 
A A 
Con Tn Bima 


POWER CONSUMPTION 
8 


ln 
A HL LU 
10 100 


1K 10K 1 1M 
FREQUENCY - (Hz) ORe 


TOGGLE FREQUENCY (50% DUTY CYCLE) - (Hz) 
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Features 


e This Circuit is Processed in Accordance to Mil-Std- 
883 and is Fully Conformant Under the Provisions of 
Paragraph 1.2.1. 


e Wide Analog Signal Range ......-.--.----++++: +15V 

e Low “ON” Resistance .......----+eseeees 502 (Typ) 

1502 (Max) 

e High Current Capability........--------- 70mA (Max) 
e Break-Before-Make Switching 

> Turn-On Time... ce ncccccccccccacece 370ns (Typ) 

800ns (Max) 

> Turn-Off Time... ... 2... cee cencccnceces 280ns (Typ) 


400ns (Max) 
e No Latch-Up 


e Input MOS Gates Are Protected From Electrostatic 
Discharge 


e DTL, TTL, CMOS, PMOS Compatible 
Applications 


e High Frequency Switching 
e Sample and Hold 

e Digital Filters 

e Operational Amplifier Gain Switching 


Pinout 
LOGIC “0” INPUT 
TOP VIEW 


HI1-5041/883 (CERAMIC DIP) 


NOTE: Unused pins may be internally connected. 
Ground all unused pins. 


HI-5041/883 


Dual SPST CMOS Analog Switch 


Description 


This CMOS analog switch offers low-resistance switching 
performance for analog voltages up to the supply rails and 
for signal currents up to 70mA. “ON” resistance is low and 
stays reasonably constant over the full range of operating 
signal voltage and current. RON remains exceptionally 
constant for input voltages between +5V and -5V and 
currents up to 50mA. Switch impedance also changes very 
little over temperature, particularly between O°C and 
+75°9C. Ron is nominally 500. 


This device provides break-before-make switching and is 
TIL and CMOS compatible for maximum application 
versatility. Performance is further enhanced by Dielectric 
Isolation processing which insures latch-free operation with 
very low input and output leakage currents (0.8nA at 
+25°C). This switch also features very low power operation 
(1.5mW at +25°C). The HI-5041/883 is available in a 16 
pin Ceramic DIP and operates over the -55°C to +125°9C 
temperature range. 


Functional Diagram 


LOGIC “1” INPUT 
VL V+ 


NOTE: Source and Drain are arbitrarily depicted as Analog Input and Output respectively. They 
may be interchanged without affecting performance. 
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CMOS ANALOG 
SWITCHES 


Specifications HI-5041/883 


Absolute Maximum Ratings 


Voltage Between V+ and V- Terminals............ccccceeees 3S6V 
EM SUIT WO CAPOUNCUY to WH) obs ans sis wen ee Salva oo ¥sawe +18V 
LCR ean d ds ati go a Media ncncan Pasa Dee -VSUPPLY 
VEADRITOUNG ESE i eradke tages iw ed bas thas dee +VSUPPLY 
Digital and Analog Input Voltage (Va, Vs, Vp)..... +VsuPPLy +4V 

-VSUPPLY ~4V 
Peak Current (Source to Drain) 

(Pulse at 1ms, 10% Duty Cycle Max) ..........cceeceees 7OmA 
Continuous Current (Any Pin) .........cccceccccccuceeees 20mA 
Junction Temiperature «. 25 ss Se CO 2. OR +175°C 
Storage Temperature Range ................. -65°C to +150°C 
EOWA. So Sixioe ae esses. Aue MIRA O. ities < 2000V 
Lead Temperature (Soldering 10 sec)......... cee cece eee 300°C 


Thermal Information 


Thermal Resistance Sia Bic 
Ceramic DIP Package ..............00- 82°9C/W 20°C/W 
Package Power Dissipation Limit at +75°C for Ty < +175°C 


Caramic DIP Package... ....0cs<ecscce ce wwh jn occ ant. 1.0W 
Package Power Dissipation Derating Factor Above +75°C 
Cetamic DIP PackaG@ sic 56 socc odes coo es Base ics ocx 12.3mW/°C 


CAUTION: Absolute maximum ratings are limiting values, applied 
individually, beyond which the serviceability of the circuit may be impaired. 
Functional operability under any of these conditions is not necessarily 
implied. 


Recommended Operating Conditions 


Operating Temperature Range ............... -55°C to +125°9C 
Operating Supply Voliage <0... 0c ccccacosccocecsltceecn. +15V 
Logic Supply Voltage (Vj)... ccascncncocsceececceecssee +5.0V 
Logic Reference Voltage (Vp) .......cccccecceccceuccecees 0.0V 


Analog Input Voltage (Vg)... 6. cece cece ee eceeenees +VSUPPLY 
POGIBECL OWL BUG IV AL) oso i'ie's vine ons bands enaene ba OV to 0.8V 
Parone HIGH Level (VAL) soo Nico ccc etaeeeces 2.4V to +5.0V 


TABLE 1. D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 
Device Tested at: Supply Voltage = +15V, VL = +5.0V, Vp = 0.0V, Vay = 2.4V, VAL = +0.8V, Unused Pins are Grounded, 


Unless Otherwise Specified. 


D.C.PARAMETERS |SYMBOL CONDITIONS 
Switch “ON” Vp =-10V, Ig = 10mA 
Resistance $1/S2 

Vp = 10V, Ig =-10mA 
$1/S2 
IS(OFF) | Vs =-10V, Vp = 10V 
$1/S2 
ID(OFF) 


Source “OFF” 
Leakage Current 


Vs = 10V, Vp = -10V 
$1/S2 


Drain “OFF” 


Vp = -10V, Vg = 10V 
Leakage Current 1 


$1/S2 
Vp = 10V, Vg = -10V 


$1/S2 
Channel “ON” ID(ON) Vp = Vs = 10V 
Leakage Current $1/S2 
Vp = Vs =-10V 
$1/S2 


Low Level 
Address Current 


High Level 
Address Current 


VA =OV 
Ay,A2 


Va = 2.4V, 5V 
A1,A2 


Positive +loc Va = OV, 5V 
Supply Current Ai,A2 
Negative -lcc Va = OV, 5V 
Supply Current Ai,Ao 
Logic Va = OV, 5V 
Supply Current 


Reference +Ip 
Supply Current 


Va = OV, 5V 


! 
oO 
a 

Oo 
Q 
re) 
4 
+ 
nm 
ai 

fe) 
2) 


MIN 


GROUP A 
SUBGROUP | TEMPERATURE 


1 +25°C 


ae ae 

-ss8ct6 +1258 
ee 
oa 
ee 


=| 
> 


=e sisisis 


ot 
Oo 
> 


=a 
88°C %» +70800 | -200_ 


ae ce 
=BseCi0 +1286 | 1 


J Pe | 


PBEPPP PE BEE 


-55°C to +125°9C 


CAUTION: This device is sensitive to electrostatic discharge. Proper |.C. handling procedures should be followed. 
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HI-5041/883 


TABLE 2. A.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 


Device Tested at: Supply Voltage = +15V, Vi = +5.0V, Vp = 0.0V, VaH = +5.0V, VaL = +0.0V, Unused Pins are Grounded, 
Unless Otherwise Specified. 


GROUP A 
SUBGROUP 


Vs = 10V, -10V 
CL = 10pF 
Ru = 1k 


Turn “OFF” Time Vs = 10V, -10V 
Cy = 10pF 
RL = 1k 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (NOTE 1) 


Device Characterized at: Supply Voltage = +15V, V_ = +5.0V, Vp = 0.0V, Vay = 4.0V, VaL = 0.8V, Unused Pins are Grounded, 
Unless Otherwise Specified. 


PARAMETERS SYMBOL 
“On” Resistance Match RON Vp = +10V 
(Channel to Channel) Match Ip = 10mA 
Address Capacitance 


Switch Input Cs(OFF) | Switch Off: 
Capacitance Va =O0V 


Switch Output CD(OFF) | Switch Off: Va = OV 


CMOS ANALOG 
SWITCHES 


Cc it 
acini, CD(ON) | Switch On: Va = SV 

Drain to Source Switch Off: 

Capacitance Va = OV 

Off Isolation Vs = 2Vp-p @ f = 100kHz 
Ry = 1002 

Crosstalk VCT Vs = 2Vp-p @ f = 100kHz 
Ri = 1002 

Charge Transfer Error Vs = GND, Cy = 10,000pF 
Va = Oto 4V @ f = 200kHz 


NOTE 1. Parameters listed in Table 3 are controlled via design or process parameters and are not directly tested at final production. These parameters are lab 
characterized upon initial design release, or upon design changes. These parameters are guaranteed by characterization based upon data from 


multiple production runs which reflect lot to lot and within lot variation. 


TABLE 4. ELECTRICAL TEST REQUIREMENTS 


MIL-STD-883 TEST REQUIREMENTS SUBGROUPS (SEE TABLES 1 & 2) 
Interim Electrical Parameters (Pre Burn-in) Dae yee eg 


Final Electrical Test Parameters 2, 3, 9, 10, 11 


7 
[erupaTwstRewurenens | BNO 


* PDA applies to Subgroup 1 only. 
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Test Circuits 
Rps IS(OFF) ID(OFF) 


Ig (OFF) Ip (OFF) Ig (OFF) Ip (OFF) 


IN OUT IN OUT 


+10V +-10V.4= 


t 5 S 


I+ 
ro} 
< 


<HII 


ID(ON) ADDRESS CURRENT SUPPLY CURRENTS 


OFF ISOLATION CROSSTALK CHARGE TRANSFER 

TO 
ie" gun OUT your | SHANINEL « : ee 
an me AE VIN oe Semantics OF 


DRIVER GREATER 


f= 200kHz IF PULSE TEST IS USED: 
SQUARE WAVE Ta. Te < 20ns 
TR < 20ns 


Vin (DRIVER) >< 


VIN 
"CROSSTALK" = 20 LOG 
VOUT 


DROOP CAUSED 
BY DEVICE 
LEAKAGE AND 
MEASUREMENT 
CIRCUITRY 


SWITCHING TRANSIENT 


NOTE: Applies only to DUAL or DOUBLE THROW NOTE: Vote may be a positive or negative value. 
switches. 
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H!I-5041/883 


Test Characteristics 


ON/OFF SWITCH TIME (ton, torr) 


SWITCHING TIMES FOR POSITIVE DIGITAL TRANSITION 


180 


ae eee 
oe LE 


2.4V 3.0V 3.6V 4.2V 4.8V 
DIGITAL “HIGH” (Vay ) 


Test Waveforms 


Vertical Scale: Input = 5V/Div., (TTL; VaH = 5V, VaL = OV) 
Output = 5V/Div. 
Horizontal Scale: 100ns/Div. 


INPUT 


OUTPUT | 


output & 


SWITCHING TIMES FOR NEGATIVE DIGITAL TRANSITION 


CCPC EEL 

CCC 
‘i Ee 

Cane a ey a 

CCE a 

Ba 

i ae 

i 

a 


DIGITAL "LOW" (VAL ) 


Led 
ae 
eae ee 
Ee 
mi 
mwa 


Vertical Scaie: Input = 5V/Div., (CMOS; Vay = 10V, Vat = OV) 


Output = 5V/Div. 
Horizontal Scale: 100ns/Div. 


INPUT 
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SWITCHES 


H!I-5041/883 


Burn-In Circuit 


HI-5041/883 CERAMIC DIP 


NOTES: 

Ry, thru R4 = 10kQ, +5%, 1/4W (Min) 

C1, Co, Cg, = 0.01nF/Socket (Min) or 0.1 nF/Row, (Min) 
Dy, Do, D3 = IN4002 or Equivalent/Board 

VL = 5.5 + 0.5V 

A; = Ao = 5.5 + 0.5V 

| (V+) - (V-) |= 30v 
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Schematic Diagram 


TTL/CMOS REFERENCE CIRCUIT * SWITCH CELL 
Ai (A2) 
VR 
R1 
200 TO (VR ’) 
TO Pp 
IN OUT 
VL 
V Ps 
A1 (A2) 


* Connect V+ to V;_ for minimizing power consumption when driving from 
CMOS circuits. 


DIGITAL INPUT BUFFER AND LEVEL SHIFTER 


CMOS ANALOG 
SWITCHES 


V+ 


D1 


D2 


All N-Channel Bodies to V- 
All P-Channel Bodies to V+ 
Except as Shown 
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Die Characteristics 


DIE DIMENSIONS: 

96 x 81 x 19mils 

(2430 x 2050 x 480um) 
METALLIZATION: 

Type: Aluminum 

Thickness: 16kA + 2kA 
GLASSIVATION: 

Type: Nitride over Silox 

Silox Thickness: 12kA + 2kA 

Nitride Thickness: 3.5kA + 1kA 


Metallization Mask Layout 


SUBSTRATE POTENTIAL (Powered-up): V- 
DEVICE COUNT: 82 
DIE ATTACH: 
Material: Gold/Silicon Eutectic Alloy 
Temperature: Ceramic DIP — 460°C (Max) 


WORST CASE CURRENT DENSITY: 
1.0 x 105A/cm2 @ 20mA 


HI-5041/883 


NOTE: Pin Numbers Correspond to DIP Package Only. Unused Pins May Be Connected. Ground All Unused Pins. 
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Packaging‘ 
16 PIN CERAMIC DIP 


753 
785 140 
.005 MIN -170 

} Pict. ull tin sStotaeses Gol 


.265 


ae eee. oe ies 


150 MIN 
.080 MAX 
100 
ae BSC 
023 
050 * 
065 * INCREASE MAX LIMIT BY .003 INCHES 


LEAD MATERIAL: Type B 
LEAD FINISH: Type A 
PACKAGE MATERIAL: Ceramic, 90% Alumina 
PACKAGE SEAL: 
Material: Glass Frit 
Temperature: 450°C + 100C 
Method: Furnace Seal 


NOTE: All Dimensions are Min , Dimensions are in inches. 
x 
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MEASURED AT CENTER OF FLAT FOR 
SOLDER FINISH 


INTERNAL LEAD WIRE: 

Material: Aluminum 

Diameter: 1.25 Mil 

Bonding Method: Ultrasonic 
COMPLIANT OUTLINE: 38510 D-2 


CMOS ANALOG 
SWITCHES 


¢ Mil-M-38510 Compliant Materials, Finishes, and Dimensions. 


w@ HARRIS HI-35041 


DESIGN INFORMATION 
Dual SPST CMOS Analog Switch 


The information contained in this section has been developed through characterization by Harris Semiconductor and is for 
use as application and design aid only. These characteristics are not 100% tested and no product guarantee is implied. 


Typical Performance Curves unless Otherwise Specified: Ta = +25°C, VsyppLy = £15V 


“ON” RESISTANCE vs. ANALOG SIGNAL LEVEL 
AND POWER SUPPLY VOLTAGE 


“ON” RESISTANCE - (Ohms) 


ANALOG SIGNAL LEVEL - (VOLTS) 


NORMALIZED “ON” RESISTANCE vs. TEMPERATURE 


Ginn. Shee SR eae 
re pd 


WwW 
O 
2 
O 
2% 
a 
ct 
e © 
are 
Po 
nt 
N w 
pst 1 i 
<x Ww 
= 
& 
[e) 
i 


-50° -250 O° +25° +50° +75° +100° +1250 
TEMPERATURE -(°C) 


NORMALIZED ‘‘ON” RESISTANCE vs. ANALOG CURRENT 


NORMALIZED “ON” RESISTANCE 
(REFERRED TO 1mA) 


ANALOG CURRENT - (mA) 
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DESIGN INFORMATION (continueg) 


The information contained in this section has been developed through characterization by Harris Semiconductor and is for 
use as application and design aid only. These characteristics are not 100% tested and no product guarantee is implied. 


Typical Performance Curves unless Otherwise Specified: Ta = +25°C, Vsyppiy = 15V 


ON/OFF LEAKAGE CURRENT vs. TEMPERATURE “OFF” ISOLATION vs. FREQUENCY 


IM TEI ETM TTT TTT TTT TTT 
| | 
UUM EMT TTT TTT TTT TTT TUTTI 
UME LAEIT T IT TTIMT TUTTT TUTTI TTT 
th eter ll 
| ems 008 UT ET 
ED | a aT 
ET | mi! SU ae A 
UU | SE eT 
UT Ia TT 
CH con 
CEU EI TEA ET CI ETT TTT 


1 10 100 1K 10K 100K 1M 
FREQUENCY - (Hz) 


100nA 


LEAKAGE CURRENT 
3 
> 
OFF ISOLATION (dB) 


TEMPERATURE - (°C) 


CROSSTALK vs. FREQUENCY POWER CONSUMPTION vs. FREQUENCY 


UU TAIN UTE TTI ETT TTT (TTT | | | eight she lead sqeithnk idnotied 
TUE TIM TIT TTT TT TTT Fae ay (Ss lS De Se CaaS 
CTT EU TTT ETT TTT eT | Tle levluah deca ceee 
PAT ETT ETT OT ETT 


Bri EL 
mai see A RERREERE Dee 
CCR Cn 


c 
nT agit Pd eee 
SHUaaU Hl eat ee 


SWITCHES 


CMOS ANALOG 


160 


- (mW) 


160 


- (dB) 
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8 oo MES Tees ace RET 2 
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ao UE ETE et a HZ 
mail : BRE 
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FREQUENCY - (Hz) 


O 1K 10K 1M 
TOGGLE FREQUENCY (50% DUTY ee (Hz) 
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HI-5042/883 
HI-5050/883 


SPDT CMOS Analog Switch 


i“ HARRIS 


January 1989 


Features 


e This Circuit is Processed in Accordance to Mil-Std- 
883 and is Fully Conformant Under the Provisions of 
Paragraph 1.2.1. 


e Wide Analog Signal Range 
e Low “ON” Resistance 
> HI-5042 
> HI-5050 
¢ High Current Capability 
e Break-Before-Make Switching 
> Turn-On Time 370ns (Typ) 800ns (Max) 
> Turn-Off Time 280ns (Typ) 400ns (Max) 
® No Latch-Up 


e Input MOS Gates Are Protected From Electrostatic 
Discharge 


e DTL, TTL, CMOS, PMOS Compatible 


500 (Typ) 1500 (Max) 
2522 (Typ) 502 (Max) 
70mA (Max) 


Applications 


¢ High Frequency Switching 

e Sample and Hold 

¢ Digital Filters 

e Operational Amplifier Gain Switching 


Pinout 
LOGIC “Oo” INPUT 
TOP VIEW 


HI1-5042/883 (CERAMIC DIP) 
HI1-5050/883 (CERAMIC DIP) 


NOTE: Unused pins may be internally connected. 
Ground all unused pins. 


Description 


These CMOS analog switches offer low-resistance 
switching performance for analog voltages up to the supply 
rails and for signal currents up to 7OmA. “ON” resistance is 
low and stays reasonably constant over the full range of 
operating signal voltage and current. RON remains 
exceptionally constant for input voltages between +5V and 
-5V and currents up to 50mA. Switch impedance also 
changes very little over temperature, particularly between 
0°C and +75°C. Ron is nominally 500 for the HI-5042/ 
883 and 252 for the HI-5050/883. 


These devices provide break-before-make switching and 
are TTL and CMOS compatible for maximum application 
versatility. Performance is further enhanced by Dielectric 
Isolation processing which insures latch-free operation with 
very low input and output leakage currents (0.8nA at 
+25°C). They also feature very low power operation 
(1.5mW at +25°C). The HI-5042/883 and HI-5050/883 are 
available in a 16 pin Ceramic DIP and operate over the 
-55°9C to +125°C temperature range. 


Functional Diagram 


LOGIC “1” INPUT 


NOTE: Source and Drain are arbitrarily depicted as Analog Input and Output respectively. They 
may be interchanged without affecting performance. 
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Specifications HI-5042/883 HI-5050/883 


Absolute Maximum Ratings 


Voltage Between V+ and V- TerminalS...........0eeeeeeeees 36V 
+VSUPPLY to Ground (V+, V-) .......2eceeeeeeccercecenes +18V 
Ver IO GH wn oc cncccdernenenanorneesencassensons -VSUPPLY 
Vi TO: Ground 6... 0 ec ddad eee cee seccccscccceccvesss +VSUPPLY 
Digital and Analog Input Voltage (Va, Vs, Vp).---- +VSUPPLY +4V 

-VsupPLy ~4V 
Peak Current (Source to Drain) 

(Pulse at 1ms, 10% Duty Cycle Max) ...........2eeeeeee 7OmA 
COnUnUGOUS CONGNTIANY PIN) oT coc. etc ccs cecensasawstas 20mA 
JINCHTTOMONRNRS oo ww Tn ede he ene seeeneecas +175°9C 
Storage Temperature Range ............ee00: -65°9C to +150°C 
Be mE 2 oe atone ce dvn wea was betneksceeean chen bus <2000V 
Lead Temperature (Soldering 10 S@C)...........0eeeeeeee 300°C 


Thermal Information 


Thermal Resistance Gia Bic 
Ceramic DIP Package ...............65 82°9C/W 20°C/W 
Package Power Dissipation at +75°C 


Cer Gt POCMMIE sc alvdsiiceresecquenrdssva8enen sass 1.0W 
Package Power Dissipation Derating Factor Above +75°C 
Ceramle DiP Package .. ). dd 0 a 0 ed Fa 12.3mW/°C 


CAUTION: Absolute maximum ratings are limiting values, applied 
individually, beyond which the serviceability of the circuit may be impaired. 
Functional operability under any of these conditions is not necessarily 
implied. 


Recommended Operating Conditions 


Operating Temperature Range ............6. -559C to +1259C 
CS BUY VOM oe ao cae cea cacscccccs cases +15V 
Logit Sepply VORSOG(VE Fs wees 6 kee ceeds iver eeccedes +5.0V 
Logic Reference Voltage (Vp) ..... 2. ccc e eee cere eee ceeeece 0.0V 


Analog Input Voltage (Vg) .... 22. scccccesscccccccees +VSUPPLY 
Peicraen ow bevel) sis ies oo isere eee cia ae OV to 0.8V 
Address High Level (Vay) ....---eeeeee eee eeecece 2.4V to +5.0V 


TABLE 1. D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 


Device Tested at: Supply Voltage = +15V, Vi = +5.0V, Vp = 0.0V, VAH = 2.4V, VAL = +0.8V, Unused Pins are Grounded, 


Unless Otherwise Specified. 


D.C.PARAMETERS |SYMBOL 


Switch “ON” 
Resistance For 
HI-5042/883 


CONDITIONS 


Vp =-10V, Ig = 10mA 
S1/S2 


Vp = 10V, Ig = -10mMA 
$1/S2 


Switch “ON” 
Resistance For 
HI-5050/883 


Vp =-10V, Ig = 10mA 
$1/S2 


Vp = 10V, Ig =-10mA 
$1/S2 


IS(OFF) eee Vp = 10V 
Vs = 10V, Vp = -10V 
$1/S2 


Vp =-10V, Vs = 10V 
S1/S2 


Source “OFF” 
Leakage Current 


Drain “OFF” 
Leakage Current 


Vp = 10V, Vs = -10V 
$1/S2 


Channel “ON” 
Leakage Current 


GROUP A 
SUBGROUP 


LIMITS 


TEMPERATURE UNITS 


+25°9C 75 
-55°C to +125°9C 

+25°C 75 
-559C to +1259C 

+25°C 
-55°C to +125°9C 

+25°C 
-55°C to +125°C 


+25°9C n 


-55°C to +125°C n 


+25°C 
-559C to +125°9C 


> 


n 


+25°C 
-55°C to +125°9C 


> 


n 


> 


n 


+25°C 
-559C to +125°9C 

+25°C 
-55°C to +125°C 

+259C 


-55°C to +125°9C nA 


CAUTION: This device is sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
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CMOS ANALOG 
SWITCHES 


HI-5042/883 HI-5050/883 


TABLE 1. D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


Device Tested at: Supply Voltage = +15V, Vi = +5.0V, Vp = 0.0V, Van = 2.4V, Vat = +0.8V, Unused Pins are Grounded, 
Unless Otherwise Specified. 


D.C. PARAMETERS SYMBOL CONDITIONS 
Low Level TAL Va=O0V 
Address Current 
High Level VA = 2.4V, 5V 
+I 
+Ip 


LIMITS 


GROUP A 


SUBGROUP TEMPERATURE UNITS 


+25°9C 


-559C to +1259C 


+25°9C 


-§5°C to +1259C 


Positive +25°9C 


Supply Current 


Address Current 
ape 
-loc Va = OV, 5V 
-55°9C to +1259C 
Va = OV, 5V +25°9C 
2,3 -559C to +125°9C 


TABLE 2. A.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 


-559C to +125°9C 


Negative +25°9C 


Supply Current 


Logic 
Supply Current 


Reference 
Supply Current 


Device Tested at: Supply Voltage = +15V, Vi = +5.0V, Vp = 0.0V, Vay = +5.0V, Vay = +0.0V, Unused Pins are Grounded, 
Unless Otherwise Specified. 


GROUP A 
PARAMETERS SYMBOL CONDITIONS SUBGROUP 
Turn “ON” Time Vs = 10V,-10V 
CL = 10pF 
Ru = 1kQ 


Turn “OFF” Time Vs = 10V, -10V 
Ci = 10pF 
Ru = 1k 
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H!I-5042/883 HI-5050/883 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (NOTE 1) 
Device Characterized at: Supply Voltage = +15V, Vi = +5.0V, Vp = 0.0V, Vay = 4.0V, Va = 0.8V, Unused Pins are Grounded, 


Unless Otherwise Specified. 
TEMPERATURE 


+25°C 


“On” Resistance Match 
(Channel to Channel) for 
HI-5042/883 


Vp = +10V 
Ip = 10mA 


“On” Resistance Match 
(Channel to Channel) for 


HI-5050/883 cae 


Address Capacitance Ca Va = OV, 5V 
Switch Input Cg(OFF) | Switch Off: 
Capacitance Va =0V 
Switch Output CD(OFF) | Switch Off: Va = OV 
Capacitance 
CD(ON) Switch On: Va = 5V 


Drain to Source CDS(OFF) | Switch Off: 

Capacitance Va =OV 

Off Isolation Viso Vs= 2Vp-p @ f = 100kHz 
Ri = 1002 


PARAMETERS SYMBOL CONDITIONS 


i 
oT 
[e) 
ro) 


Oo 
On 
Crosstalk VcT Vg = 2Vp-p @ f = 100kHz 2 w 
RL = 1000 ZO 
= 
Charge Transfer Error VCTE Vs = GND, C,_ = 10,000pF ° FA 
Va =0 to 4V @ f = 200kHz 5} 


NOTE 1. Parameters listed in Table 3 are controlled via design or process parameters and are not directly tested at final production. These parameters are lab 
characterized upon initial design release, or upon design changes. These parameters are guaranteed by characterization based upon data from 
multiple production runs which reflect lot to lot and within lot variation. 


TABLE 4. ELECTRICAL TEST REQUIREMENTS 


a 
[emecavenecm pt 


* PDA applies to Subgroup 1 only. 
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HI-5042/883 HI-5050/883 


Test Circuits 


Rps IS(OFF) ID(OFF) 
10mA 
Ig (OFF) Ip (OFF) Ig (OFF) Ip (OFF) 
o o 
Ome Onn Sa Seats 
ID(ON) ADDRESS CURRENT SUPPLY CURRENTS 
OFF ISOLATION CROSSTALK CHARGE TRANSFER 
To 
MEASUREMENT 
IN OUT SWITCHED CIRCUITRY 
Vout CHANNEL ¢ WITH INPUT 
VIN Vv 0.01Mf RESISTANCE OF 
(2V) waive e: IN v/ OF 1MQ OR 
pp (2V)pp R L nieve GREATER 
f= 200kHz IF PULSE TEST IS USED: 
SQUARE WAVE ( Ty, Tr < 20ns 
Vv TR < 20ns 
"OFF" ISOLATION = 20 LOG . y 
OUT "CROSSTALK" = 20 LOG Tour 
Vip (DRIVER) > 
ae T ais 
<= DROOP CAUSED 
BY DEVICE 
LEAKAGE AND 
MEASUREMENT 
CIRCUITRY 


SWITCHING TRANSIENT 


NOTE: Applies only to DUAL or DOUBLE THROW NOTE: VoTgE may be a positive or negative value. 
switches. 
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HI-5042/883 HI-5050/883 


Test Characteristics 


ON/OFF SWITCH TIME (ton; torr) 


+ 10V 


SWITCHING TIMES FOR POSITIVE DIGITAL TRANSITION 


co + | | tt | tt tt 

“ARES 

oh tft 
“a 


720 


ites ae een 
Sg eee 
ol ed ol oP od 


2.4V 3.0V 3.6V 4.2V 4.8V 
DIGITAL "HIGH" (VaH ) 


Test Waveforms 


Vertical Scale: Input = 5V/Div., (TTL; VaH = 5V, VaL = OV) 
Output = 5V/Div. 
Horizontal Scale: 100ns/Div. 


INPUT 


OUTPUT 


OUTPUT 


SWITCHING TIMES FOR NEGATIVE DIGITAL TRANSITION 


Meee RR ERR SRE 
Pt Tt eT Tt TTT TAT 
RERARERERRSEE SSE 
SRR eRERRE ESE SS 


720 


660 


La 
Perea 


300 — 
a = 
ae +++ 
See. = aeGRee 


180 — 

eee ane eee 

pe ed oe ed dd 
OV 


0.5V 1.0V 1.5V 


DIGITAL "LOW” (VAL ) 


Vertical Scale: Input = 5V/Div., (CMOS; Vay = 10V, VaL = OV) 


Output = 5V/Div. 
Horizontal Scale: 100ns/Div. 


INPUT 


4-205 


CMOS ANALOG 
SWITCHES 


HI-5042/883 HI-5050/883 


Burn-In Circuit 


HI-5042/883 HI-5050/883 CERAMIC DIP 


NOTES: 

Ry thru Rg = 10kQ, +5%, 1/4W (Min) 

C41, Co, Cg, = 0.01 uF/Socket (Min) or 0.1 nF/Row, (Min) 
Dy, Do, Dg = IN4002 or Equivalent/Board 

VL = 5.5 + 0.5V 

Ay =Ap =5.5+0.5V 

| (V+) - (V-) |= 30V 
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HI-5042/883 HI-5050/883 


Schematic Diagram 
TTL/CMOS REFERENCE CIRCUIT * 


V+ 
VR 
R1 
2002 TO (Vp’) 
TO Pp 
V - 
VL 
V “ 


* Connect V+ to Vi_ for minimizing power consumption when driving from 
CMOS circuits. 


DIGITAL INPUT BUFFER AND LEVEL SHIFTER 


D1 


All N-Channel Bodies to V- 
All P-Channel Bodies to V+ 
Except as Shown 


SWITCH CELL 


Ai (A2) 


OUT 


Ay (A2) 


CMOS ANALOG 
SWITCHES 


4-207 


HI-5042/883 HI-5050/883 


Die Characteristics 


DIE DIMENSIONS: SUBSTRATE POTENTIAL (Powered-up): V- 
es 81 ‘ are DEVICE COUNT: 82 
METALLIZATION: Material: Gold/Silicon Eutectic Alloy 
ane ail att aa Temperature: Ceramic DIP — 460°C (Max) 
Ickness: 16kA + WORST CASE CURRENT DENSITY: 
GLASSIVATION: 1.0 x 10°A/cm2 @ 20mA 


Type: Nitride over Silox 
Silox Thickness: 12kA + 2kA 
Nitride Thickness: 3.5kA + 1kA 


Metallization Mask Layout 


HI-5042/883 HI-5050/883 


NOTE: Pin Numbers Correspond to DIP Package Only. Unused Pins May Be Connected. Ground All Unused Pins. 
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HI-5042/883 HI-5050/883 


Packaging t 
16 PIN CERAMIC DIP 


.140 
.170 


*« INCREASE MAX LIMIT BY .003 INCHES 
MEASURED AT CENTER OF FLAT FOR 


SOLDER FINISH 
LEAD MATERIAL: Type B INTERNAL LEAD WIRE: 
LEAD FINISH: Type A Material: Aluminum 
PACKAGE MATERIAL: Ceramic, 90% Alumina Diameter: 1.25 Mil 
PACKAGE SEAL: Bonding Method: Ultrasonic 
Material: Glass Frit COMPLIANT OUTLINE: 38510 D-2 6 
Temperature: 450°C + 10°C On 
Method: Furnace Seal W 
20 
<- 
o= 
oF 
ro) 
NOTE: All Dimensions are ain , Dimensions are in inches. t Mil-M-38510 Compliant Materials, Finishes, and Dimensions. 
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i“ HARRIS HI-5042 
HI-5050 


SPDT CMOS Analog Switch 


DESIGN INFORMATION 


The information contained in this section has been developed through characterization by Harris Semiconductor and is for 
use as application and design aid only. These characteristics are not 100% tested and no product guarantee is implied. 


Typical Performance Curves Unless Otherwise Specified: Ta = +25°C, Vsuppiy = +15V 


“ON” RESISTANCE vs. ANALOG SIGNAL LEVEL 
AND POWER SUPPLY VOLTAGE 


V+ = +12V 


“ON” RESISTANCE - (Ohms) 


ANALOG SIGNAL LEVEL - (VOLTS) 


NORMALIZED “ON” RESISTANCE vs. TEMPERATURE 


SiR Tetris 
6 OEE eel 
i A 
laser re To 
OF oc cE A a SO a a 
pe ea 
\ASECKED ESSERE S 


-50° = - 250 0° +259 +50° +759 +100° +1250 
TEMPERATURE -(°C) 


Ww 
O 
3 ~ 
Es 
Ny 
i 
+ 
2 O 
ZF 
Oa 
Ww 
mies 
N 
Zi 
= 
ed 
(e) 
z 


NORMALIZED ‘‘ON” RESISTANCE vs. ANALOG CURRENT 


NORMALIZED “ON” RESISTANCE 
(REFERRED TO 1mA) 


ANALOG CURRENT - (mA) 
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HI-5042 HI-5050 


DESIGN IN FO RMATION (Continued) 


The information contained in this section has been developed through characterization by Harris Semiconductor and is for 
use as application and design aid only. These characteristics are not 100% tested and no product guarantee is implied. 


Typical Performance Curves unless Otherwise Specified: Ta = +25°C, Vgyppiy = +15V 


ON/OFF LEAKAGE CURRENT vs. TEMPERATURE “OFF” ISOLATION vs. FREQUENCY 


EAE | 
PUT TTI TT TUT PUTT TTT aT 
PUTT TTI TM TTA TTT TTT ET 
CTU TU ETT TCT TT TT PT 
TE 
PUTT CTI Si MT 
COT TITAS ST 
UT TAT TTT Tim TT 
CTU EU TT TTT 
PTT TT TAI TTT TNT PETITE VT 
CETTE) TAT CT) A 


1 10 100 1K 10K 100K 1M 
FREQUENCY - (Hz) 


10nA 


SY SU eT eS 
SS SD oe Ste 
A A 
tH eet ¥ 


inA 


LEAKAGE CURRENT 
OFF ISOLATION (dB) 


100pA 


Bull 
rit 
NY 


TEMPERATURE - (°C) 


CROSSTALK vs. FREQUENCY POWER CONSUMPTION vs. FREQUENCY 


CMOS ANALOG 
SWITCHES 


CEC CE CCT ee 
OF RA ST a 
oe 00 
agi 28 EN 
+ veo ICR TT oe TT Po TE eR Pe 


120 


Pt ee 
BERR Rese 
zie a se 


PUTS Tees a TCL] 
Banca SL 


BA 
ate 


POWER CONSUMPTION 


FREQUENCY - (Hz) 


O 1K 10K 1M 
TOGGLE FREQUENCY (50% DUTY romaielt (Hz) 
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(fm) 


HI-5043/883 
HI-5051/883 


Dual SPDT CMOS Analog Switch 


a) HARRIS 


January 1989 


Features 


e This Circuit is Processed in Accordance to Mil-Std- 
883 and is Fully Conformant Under the Provisions of 
Paragraph 1.2.1. 


e Wide Analog Signal Range 
° Low “ON” Resistance 
> HI-5043 
> HI-5051 
¢ High Current Capability 
e Break-Before-Make Switching 
> Turn-On Time 370ns (Typ) 800ns (Max) 
> Turn-Off Time 280ns (Typ) 400ns (Max) 
e No Latch-Up 


¢ Input MOS Gates Are Protected From Electrostatic 
Discharge 


e DTL, TTL, CMOS, PMOS Compatible 
Applications 


e High Frequency Switching 

¢ Sampie and Hold 

© Digital Filters 

¢ Operational Amplifier Gain Switching 


500 (Typ) 1509 (Max) 
252 (Typ) 50 (Max) 
70mA (Max) 


Pinouts 
LOGIC “0” INPUT 
TOP VIEWS 


PaNriDarnaerde 


ries) 
a ay a | 
‘ 


HI4-50XX/883 (CERAMIC LCC) 


NOTE: Unused pins may be internally connected. 
Ground al! unused pins. 


Description 


These CMOS analog switches offer low-resistance 
switching performance for analog voltages up to the supply 
rails and for signal currents up to 70mA. “ON” resistance is 
low and stays reasonably constant over the full range of 
operating signal voltage and current. Ron remains 
exceptionally constant for input voltages between +5V and 
-5V and currents up to 50mA. Switch impedance also 
changes very little over temperature, particularly between 
O°C and +75°C. Ron is nominally 500 for the HI-5043/ 
883 and 252 for the HI-5051/883. 


These devices provide break-before-make switching and 
are TTL and CMOS compatible for maximum application 
versatility. Performance is further enhanced by Dielectric 
Isolation processing which insures latch-free operation with 
very low input and output leakage currents (0.8nA at 
+25°9C). They also feature very low power operation 
(1.5mW at +25°9C). The HI-5043/883 and HI-5051/883 are 
available in a 16 pin Ceramic DIP or a 20 pin LCC and 
operate over the -55°C to +125°C temperature range. 


Functional Diagram 


LOGIC “1” INPUT 


TYPICAL SWITCH 


NOTE: Source and Drain are arbitrarily depicted as Analog Input and Output respectively. They 
may be interchanged without affecting performance. 
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Specifications HI-5043/883 HI-5051/883 


Absolute Maximum Ratings Thermal Information 
Voltage Between V+ and V- Terminals............00eeeee ees 36V ‘Thermal Resistance Via Bic 
BV ea OBS WY EAEOUINIG (WAG WA) oon voices aie ad case cesarneas +18V Ceramic DIP Package .............005: 82°C/W 20°C/W 
VOU Sosa cs nea tee peencc ater sexes ee) cans -VSUPPLY Ceramic LCC Package .............06- 80°C/W 20°C/W 
Ti GOON Gc iedic dase -tentiqes end se wadasiiseean +VsuPPLy Package Power Dissipation at +75°9C 
Digital and Analog Input Voltage (Va, Vs, Vp)..-.-- +VsuPPLy +4V Carano Ole Packane 6 ste ccc aveuar ee sea nhensrnies dames 1.0W 
-VsupPLy -4V Geramic CCC Package .2..0. sc awns cnc scees ics ain tek ce hace 1.0W 

Peak Current (Source to Drain) Package Power Dissipation Derating Factor Above +75°C 

(Pulse at 1ms, 10% Duty Cycle Max) ..........s0eeeeeee 70mA Geramic DIP Package si... ccs eccccceccccscescece 12.3mMW/°C 
Continuous Current (Any Pin) ... 2)... eas: ncvjss s-0:sngemy seciecs 20mA Geramic LCC Pakage .)...cscccccsciccscscvcscves 12.5mW/°C 
DAs TORO RAG. omertecycinse ie -ariecererersnwrere aves ehmenniomectlt +:17590... earsrign:-Absolite-"maximum ratings are~ limiting ~-values, applied 
Storage Temperature Range ...........-.--+. -65°C to +150°C individually, beyond which the serviceability of the circuit may be impaired. 
ESD Rating ooo rr. secre ee eens eee eae ee See eee <2000V = Functional operability under any of these conditions is not necessarily 
Lead Temperature (Soldering 10 S€C)........ cee ee eee 300°C _ implied. 


Recommended Operating Conditions 


Operating Temperature Range ............... -§59C to+1259C = Analog Input Voltage (Vs) ...... eee eee e cece eee eees +VSUPPLY 
Operating Supply Vonage vy vise occ ccc uate ors ceeeee t15V Address LOWLOVALUIAL) .0 ec pcceees vive ssceceaenese OV to 0.8V 
Logic Supply Voltage (|) qv. cece wet se secmreewewsenss +5.0V ...Address High Level (Vaij) ......ccccccscccssecvne 2.4V to +5.0V 
Logic Reference Voltage (Vp)... 2. cece weet reece ce ccecs 0.0V 


TABLE 1. D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 


Device Tested at: Supply Voltage = +15V, VL = +5.0V, Vp = 0.OV, VaH = 2.4V, VaL = +0.8V, Unused Pins are Grounded, 
Unless Otherwise Specified. 


LIMITS 

GROUP A 5 
D.C.PARAMETERS |SYMBOL CONDITIONS SUBGROUP | TEMPERATURE | MIN. | MAX | UNITS i 
pa 

za 
<P 
ah 
OF 


re) 


$1/S2/S3/S4 

[aa | -etcenee | me | a 
$1/S2/S3/S4 

[28 [wera | |» | a 


ro) 


Resistance For $1/S2/S3/S4 


2) 


Switch “ON” 
Resistance For 
HI-5051/883 


~ 


$1/S2/S3/S4 


$1/S2/S3/S4 
awit aoe RA 
ID(OFF) 


ear ee 
ID(ON) 


CAUTION: This device is sensitive to electrostatic discharge. Proper |.C. handling procedures should be followed. 


~» | 


Source “OFF” 
Leakage Current 


Vs = 10V, Vp = -10V 
$1/S2/S3/S4 


Drain “OFF” 
Leakage Current 


Vp =-10V, Vs = 10V 
$1/S2/S3/S4 


$1/S2/S3/S4 00 
ae 


n 
a 
a 
ee Ee ae 
acne [on [a 


Channel “ON” 
Leakage Current 


Vp = Vs = 10V 
S1/S2/S3/S4 


Vp = Vs = -10V 
S1/S2/S3/S4 
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HI-5043/883 HI-5051/883 


TABLE 1. D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


Device Tested at: Supply Voltage = +15V, V_ = +5.0V, Vp = 0.0V, VAH = 2.4V, VaL = +0.8V, Unused Pins are Grounded, 
Unless Otherwise Specified. 


| LIMITS | 
GROUP A 
D.C.PARAMETERS | SYMBOL | CONDITIONS | SUBGROUP | TEMPERATURE cc UNITS 


Address Current 
| 23 | -s5°¢to +1280 
Address Current Ai, A2 
Supply Current Ai, A2 
Supply Current Ai, A2 
Supply Current 
| 23 | -s5ecto+izsec | - | s00 | uA 


| Supply Current 


TABLE 2. A.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 


Device Tested at: Supply Voltage = +15V, Vi = +5.0V, Vp = 0.0V, Vay = +5.0V, Vay = +0.0V, Unused Pins are Grounded, 
Unless Otherwise Specified. 


| LIMITS | 
GROUP A 
PARAMETERS SYMBOL CONDITIONS SUBGROUP TEMPERATURE eres UNITS 


CL = 10pF 
jer ee Me ee 


he | eel Pie Pe 
C. = 10pF 

sy) ee ae a ee 

ed ae CCR ae a 
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HI-5043/883 HI-5051/883 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (NOTE 1) 


Device Characterized at: Supply Voltage = +15V, Vi = +5.0V, Vp = 0.0V, Vay = 4.0V, Vat = 0.8V, Unused Pins are Grounded, 
Unless Otherwise Specified. 


LIMITS 
PARAMETERS SYMBOL CONDITIONS NOTES | TEMPERATURE Min | MAX. UNITS 

“On” Resistance Match RoON1 Vp = +10V 1 +25°C 2 
(Channel to Channel) for Match Ip = 10mA 
HI-5043/883 

“On” Resistance Match 1 +25°0C 2 

(Channel to Channel) for 

HI-5051/883 

Switch Input Cg(OFF) | Switch Off: 1 +25°C pF 

Capacitance Va =O0V 
Capacitance 

F 


Drain to Source CDS(OFF) | Switch Off: 1 +25°9C p 
Capacitance VA =O0V 


RL = 1002 


Crosstalk VCT Vs = 2Vp-p @ f = 100kHz 1 +259C 
Riu = 1002 

Charge Transfer Error VCTE Vs = GND, Cy = 10,000pF 1 +25°9C 30 mV 
Va =0 to 4V @ f = 200kHz 


NOTE 1. Parameters listed in Table 3 are controlled via design or process parameters and are not directly tested at final production. These parameters are lab 
characterized upon initial design release, or upon design changes. These parameters are guaranteed by characterization based upon data from 
multiple production runs which reflect lot to lot and within lot variation. 


TABLE 4. ELECTRICAL TEST REQUIREMENTS 


* PDA applies to Subgroup 1 only. 
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CMOS ANALOG 
SWITCHES 


HI-5043/883 HI-5051/883 


Test Circuits 


Rps IS(OFF) ID(OFF) 
Ig (OFF) Ip (OFF) Ig (OFF) 'p (OFF) 
© © 
cOL S401 +10V +10v = + 10V 


+ 10V = 


Vv 


<HII 


v 


<HII 


ID(ON) ADDRESS CURRENT SUPPLY CURRENTS 


OFF ISOLATION CROSSTALK CHARGE TRANSFER 
To 
MEASUREMENT 
IN OUT a CIRCUITRY 
Vv Vout ; WITH INPUT 
IN 0.01Mf RESISTANCE OF 
(2V)pp = BL. VIN vi OF 1M OR 
(2V)pp Re DRIVER GREATER 
= 200kHz IF PULSE TEST IS USED: 
SQUARE WAVE ( Ta, Tre < 20ns 
VIN Tr < 20ns 
"OFF* ISOLATION = 20 LOG Vv 
OUT "CROSSTALK" = 20 LOG 
VOUT 


Vin (DRIVER) >< 


DROOP CAUSED 
BY DEVICE 
LEAKAGE AND 
MEASUREMENT 
CIRCUITRY 


SWITCHING TRANSIENT 


NOTE: Applies only to DUAL or DOUBLE THROW NOTE: Vote may be a positive or negative value. 
switches. 
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HI-5043/883 HI-5051/883 


Test Characteristics 


ON/OFF SWITCH TIME (ton, torr) 


SWITCHING TIMES FOR POSITIVE DIGITAL TRANSITION 


oO lise dbl tb) | 


2.4V 3.0V 3.6V 4.2V 4.8V 
DIGITAL "HIGH" (Vay ) 


Test Waveforms 


Vertical Scale: Input = 5V/Div., (TTL; Vay = 5V, VaL = OV) 
Output = 5V/Div. 


Horizontal Scale: 100ns/Div. 


INPUT (gue 


ouTPUT 


OUTPUT 


SWITCHING TIMES FOR NEGATIVE DIGITAL TRANSITION 


= tt A 
444A 
i 


Et 3 
anne a 

480 O 
i ae a Ze E 

> 

” 


CMOS ANALOG 


SS 
4 
gett 
| 

L | 
Nem 

fe aod cab ING Poth Pl a 

RRR Sa 

Ree Sees 


1 en ee 

Be eee ell 
180 ial SE oe 
120 be a et 
60 ae SRR 


0.5V 1.0V 1.5V 
DIGITAL "LOW? (VAL ) 


oO 
< 


Vertical Scale: Input = 5V/Div., (CMOS; Vay = 10V, Var = OV) 
Output = 5V/Div. 


Horizontal Scale: 100ns/Div. 


INPUT 5 
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HI-5043/883 HI-5051/883 


Burn-In Circuits 


HI-5043/883 HI-5051/883 CERAMIC DIP 


HI-5043/883 Hi-5051/883 CERAMIC LCC 


NOTES: 

Ry thru R4 = 10k, +5%, 1/4W (Min) 

C1, Co, Cg, = 0.01 p1F/Socket (Min) or 0.1 n.F/Row, (Min) 
Dy, Do, Dg = IN4002 or Equivalent/Board 

V_ = 5.5 + 0.5V 

Ai = Ag = 5.5 + 0.5V 

| (V+) - (V-) |= 30V 
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HI-5043/883 HI-5051/883 


Schematic Diagram 


TTL/CMOS REFERENCE CIRCUIT * SWITCH CELL 

Ai (A2) 

VR 

R1 
200 2 TO (Vp ’) 
TO Py 
IN OUT 
VL 

V = 

Ai (A2) 


* Connect V+ to V;_ for minimizing power consumption when driving from 
CMOS circuits. 


DIGITAL INPUT BUFFER AND LEVEL SHIFTER 


CMOS ANALOG 
SWITCHES 


All N-Channel Bodies to V- 
All P-Channel Bodies to V+ 
Except as Shown 


4-219 


H!I-5043/883 HI-5051/883 


Die Characteristics 


DIE DIMENSIONS: SUBSTRATE POTENTIAL (Powered-up): V- 
96 x 81 x 19mils DEVICE COUNT: 82 
METALLIZATION: Material: Gold/Silicon Eutectic Alloy 
Type: Aluminum Temperature: Ceramic DIP — 460°C (Max) 
Thickness: 16kA + 2kA Ceramic LCC — 420°C (Max) 
GLASSIVATION: WORST CASE CURRENT DENSITY: 
Type: Nitride over Silox 1.0 x 105A/cm2 @ 20mA 


Silox Thickness: 12kA + 2kA 
Nitride Thickness: 3.5kA + 1kA 


Metallization Mask Layout 


HI-5043/883 HI-5051/883 


NOTE: Pin Numbers Correspond to DIP Package Only. Unused Pins May Be Connected. Ground All Unused Pins. 
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HI-5043/883 HI-5051/883 


Packaging' 
16 PIN CERAMIC DIP 


753 
-785 
.00S MIN 
} | eC IAT Se) 


LEAD MATERIAL: Type B 
LEAD FINISH: Type A 
PACKAGE MATERIAL: Ceramic, 90% Alumina 
PACKAGE SEAL: 
Material: Glass Frit 
Temperature: 450°C + 10°C 
Method: Furnace Seal 


20 PAD CERAMIC LCC 


PAD MATERIAL: Type C 
PAD FINISH: Type A 
FINISH DIMENSION: Type A 
PACKAGE MATERIAL: Multilayer Ceramic, 90% Alumina 
PACKAGE SEAL: 
Material: Gold/Tin (80/20) 
Temperature: 320°C + 10°C 
Method: Furnace Braze 


NOTE: All Dimensions are Min , Dimensions are in inches. 
x 
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.265 
-285 


-290 
.310 


.008 * 
.015 


ule 


* INCREASE MAX LIMIT BY .003 INCHES 


MEASURED AT CENTER OF FLAT FOR 
SOLDER FINISH 


INTERNAL LEAD WIRE: 

Material: Aluminum 

Diameter: 1.25 Mil 

Bonding Method: Ultrasonic 
COMPLIANT OUTLINE: 38510 D-2 


CMOS ANALOG 
SWITCHES 


INTERNAL LEAD WIRE: 

Material: Aluminum 

Diameter: 1.25 Mil 

Bonding Method: Ultrasonic 
COMPLIANT OUTLINE: 38510 C-2 


¢ Mil-M-38510 Compliant Materials, Finishes, and Dimensions. 


i? HARRIS HI-5043 
HI-5051 


Dual SPDT CMOS Analog Switch 


DESIGN INFORMATION 


The information contained in this section has been developed through characterization by Harris Semiconductor and is for 
use as application and design aid only. These characteristics are not 100% tested and no product guarantee is implied. 


Typical Performance Curves unless Otherwise Specified: Ta = +25°C, Vgyppiy = £15V 


“ON” RESISTANCE vs. ANALOG SIGNAL LEVEL 
AND POWER SUPPLY VOLTAGE 


“ON” RESISTANCE - (Ohms) 


ANALOG SIGNAL LEVEL - (VOLTS) 


NORMALIZED “ON” RESISTANCE vs. TEMPERATURE 


-50° -250 0° +259 +50° +759 +100° +1250 
TEMPERATURE -(°C) 


WW 
Oo 
2 
ae 
i ee 
ct 
2 O 
are 
Po 
G& 
N 
a6 
=c 
c 
re) 
za 


NORMALIZED “ON” RESISTANCE vs. ANALOG CURRENT 


NORMALIZED “ON” RESISTANCE 
(REFERRED TO 1mA) 


ANALOG CURRENT - (mA) 
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HI-5043 HI-5051 


DESIGN INFORMATION (continuea) 


The information contained in this section has been developed through characterization by Harris Semiconductor and is for 
use as application and design aid only. These characteristics are not 100% tested and no product guarantee is implied. 


Typical Performance Curves Unless Otherwise Specified: Ta = +25°C, Vgyppty = +15V 


ON/OFF LEAKAGE CURRENT vs. TEMPERATURE “OFF” ISOLATION vs. FREQUENCY 


PTT TTT CUT TT TTT TT TTT 
EBL AE RR 
UE TM TUE UT ATT ET 
CU TUT TTT TET TTT TTT TTT 
TM TT TU EEC UT EAT TUT 
poet cnet Sty eee pn 
BB | A 
01 | mat ON a 
CUT TAT TTI TSU SST 
Gill Hs 


10nA 


iInA 


OFF ISOLATION (dB) 


LEAKAGE CURRENT 


100pA 


1 10 100 1K 10K 100K 1M 


FREQUENCY - (Hz) 


TEMPERATURE - (°C) ib) 
On 
zu 
CROSSTALK vs. FREQUENCY POWER CONSUMPTION vs. FREQUENCY ZO 
Zs 
SRR MR Sets =. 
et oe ee 
Mm me ee eRe: 
ot et en SERRE RRLAS 2 ARE! 
z 
MH pe Se BERRA Sp SS 
(RSS eT TTL Lim Val 
2S gol LETT 
Bann i 5) 
Roi b  Sueeeeeeeer ce 
O 40 
BRR Rss 
10 «+100 10K 1M a | | 


FREQUENCY - (Hz) oe 
O 1K 10K 1M 


TOGGLE FREQUENCY (50% sees CYCLE) - (Hz) 
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i HARRIS 


HI-5044/883 


DPST CMOS Analog Switch 


January 1989 


Features 


e This Circuit is Processed in Accordance to Mil-Std- 
883 and is Fully Conformant Under the Provisions of 
Paragraph 1.2.1. 


e Wide Analog Signal Range ..................+. +15V 

© Low “ON” Resistance .............02225 502 (Typ) 

1502 (Max) 

¢ High Current Capability................. 70mA (Max) 
¢ Break-Before-Make Switching 

> Turn-On Time........... sae dae Keke 370ns (Typ) 

800ns (Max) 

PT Perna Oly Pate es ockic wee dee ce ewes cen 280ns (Typ) 


400ns (Max) 
@ No Latch-Up 


¢ Input MOS Gates Are Protected From Electrostatic 
Discharge 


e DTL, TTL, CMOS, PMOS Compatible 
Applications 


¢ High Frequency Switching 

e Sample and Hold 

e Digital Filters 

¢ Operational Amplifier Gain Switching 


Description 


This CMOS analog switch offers low-resistance switching 
performance for analog voltages up to the supply rails and 
for signal currents up to 70mA. “ON” resistance is low and 
stays reasonably constant over the full range of operating 
signal voltage and current. Ron remains exceptionally 
constant for input voltages between +5V and -5V and 
currents up to 50mA. Switch impedance also changes very 
little over temperature, particularly between O°C and 
+75°0C. Ron is nominally 500. 


This device provides break-before-make switching and is 
TTL and CMOS compatible for maximum application 
versatility. Performance is further enhanced by Dielectric 
Isolation processing which insures latch-free operation with 
very low input and output leakage currents (0.8nA at 
+259C). This switch also features very low power operation 
(1.5mW at +259C). The HI-5044/883 is available in a 16 
pin Ceramic DIP and operates over the -55°C to +1259C 
temperature range. 


Pinout 


LOGIC “0” INPUT 
TOP VIEW 


HI1-5044/883 (CERAMIC DIP) 


NOTE: Unused pins may be internally connected. 
Ground all unused pins. 


Functional Diagram 


LOGIC “1” INPUT 


Vi V+ 


NOTE: Source and Drain are arbitrarily depicted as Analog Input and Output respectively. They 
may be interchanged without affecting performance. 
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Specifications HI-5044/883 


Absolute Maximum Ratings Thermal Information 
Voltage Between V+ and V- Terminals... ..........0 eee eeee 36V Thermal Resistance Sia Bic 
£EVouipriy to Ground (VE, VA) ores eee e ea westbhoeesens +18V Cofarmec Dir Package... ... aise cee e's 82°C/W = 20°C/W 
Nop T AOU o's a's eke oS ss wes ne eden Cuneo scenes -VsUPPLY Package Power Dissipation Limit at +75°C for Ty < +175°9C 
WE 1 GIGGING . Graig i dsc cca csescecesweseesecn nen dite +VSUPPLY Ora DP PAGKAGG ooo 6c snie ais saardes bactaCdcasasestaas 1.0W 
Digital and Analog Input Voltage (Va, Vs, Vp).-.--- +VsuPPLY +4V Package Power Dissipation Derating Factor Above +75°C 
-VSUPPLY -4V Cearnic Dit? PECKAGG ... 505 cessciewacesseseeae 12.3mW/°C 

Peak Current (Source to Drain) 

(Pulse at ims, 10% Duty Cycle Max) ...........0220eees 7OmA 
Corndinuous Gofrent (Any Pin) ..6 eAGw ee occ desc sc 00 Qenss 20mA 
Duncan Tanperature wssse ors cis Peer eee ~ATS°C CAUTION: +Absolute maximuih ratings are limiting values, applied 
Storage Temperature Range ............++5+: -65°C to +150°C individually, beyond which the serviceability of the circuit may be impaired. 
ESEL BANG sities os cs cig ee dewe nce shdeaaeenesteneces onwe <2000V Functional operability under any of these conditions is not necessarily 
Lead Temperature (Soldering 10 S@c)......... 0c eee eee ee 300°C _ implied. 


Recommended Operating Conditions 


Operating Temperature Range ............... -§5°9C to +1259C Analog Input Voltage (Vc)... 2. ccccccncccecncecese +VSUPPLY 
Operating Supply Voltage ........ cece cece eee eee ee eee #15V > AOESES LOW LAVEL(IVAL) ssasicns cccwccewawkedeecands OV to 0.8V 
Logic Supply Voltage (V} )eiccccescnccsecsncaneeeeaeewans +5.0V Address High Level (Vapy) ...... cece ccccccccens 2.4V to +5.0V 
Logic Reference Voltage (Vp) nj. os area ee ste wees wane oe aierias 0.0V 


TABLE 1. D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 


Device Tested at: Supply Voltage = +15V, Vi = +5.0V, Vp = 0.0V, VaAH = 2.4V, Va_ = +0.8V, Unused Pins are Grounded, 
Unless Otherwise Specified. 


D.C.PARAMETERS |SYMBOL CONDITIONS SUBGROUP | TEMPERATURE | MIN. | MAX UNITS 


S 
° ” 
Resistance S$1/S2 es ZO 
2,3 -55°C to +125°9C 150 2 <re 
nein Loco aa Lae 26 


Source “OFF” 
Leakage Current 


ves p=-t0y 
ese 
ID(OFF) | Vo =~10\.Vg = 10 eee ee | te 
ae ES ee 
Bb AO Ve == 100 NP 0 BE Ms 
— 2.3 
In(on) | Yo=Vs= 10V fis gah ans ied ode ods PA | 
Heil 


Wa sTONVD= 100 


Drain “OFF” 
Leakage Current 


Channel “ON” 
Leakage Current 


$1/S2 
Vp =Vs =-10V +25°9C 


: [200 


L 


CAUTION: This device is sensitive to electrostatic discharge. Proper |.C. handling procedures should be followed. 
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H!I-5044/883 


TABLE 2. A.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 
Device Tested at: Supply Voltage = +15V, V_ = +5.0V, Vp = 0.0V, Vay = +5.0V, Vat = +0.0V, Unused Pins are Grounded, 


Unless Otherwise Specified. 
LIMITS 
TEMPERATURE | MIN. | MAX | UNITS 


CL = 10pF 
a ee ee ee 
ee 


GROUP A 
SUBGROUP 


Ru = 1k 
-55°C 


+125°C 


Turn “OFF” Time 


Vs = 10V, -10V 
Cy = 10pF 
R_ = 1kQ 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (NOTE 1) 


Device Characterized at: Supply Voltage = +15V, Vi = +5.0V, Vp = 0.0V, Van = 4.0V, Vat = 0.8V, Unused Pins are Grounded, 
Unless Otherwise Specified. 


“On” Resistance Match Vp = +10V 
(Channel to Channel) Ip = 10mA 


Switch Input 
Capacitance 


Switch Output 
Capacitance 


Ry = 1000 
Charge Transfer Error VOTE Vs = GND, C, = 10,000pF +25°C mV 
Va = Oto 4V @ f = 200kHz 


NOTE 1. Parameters listed in Table 3 are controlled via design or process parameters and are not directly tested at final production. These parameters are lab 
characterized upon initial design release, or upon design changes. These parameters are guaranteed by characterization based upon data from 
multiple production runs which reflect lot to lot and within lot variation. 


TABLE 4. ELECTRICAL TEST REQUIREMENTS 


[iin ctcalrenewe eeu) | 
[crowecapentsons 


* PDA applies to Subgroup 1 only. 
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H!I-5044/883 


Test Circuits 
Rps IS(OFF) ID(OFF) 


Ig (OFF) lp (OFF) Ig (OFF) Ip (OFF) 


S S 
swf O02 


+ 10V + 10V 


<HII 
<HI 
<HII 


SUPPLY CURRENTS 


ADDRESS CURRENT 


+ Voc 


CMOS ANALOG 
SWITCHES 


OFF ISOLATION CROSSTALK CHARGE TRANSFER 
To 
IN OUT SWITCHED MEASUREMENT 
Vv CHANNEL e CIRCUITRY 
Vin Seed WITH INPUT 
502. Ry ViN 0.01Mf | RESISTANCE OF 
(2V)pp Rp v/ OF 1MQ2 OR 
(2V)pp DRIVER GREATER 
f= 200kHz | IF PULSE TEST IS USED: 
SQUARE WAVE { Ty, Tp < 20ns 
VIN TR < 20ns 
“OFF” ISOLATION = 20 LOG 
VoOuT 


VIN 
"CROSSTALK" = 20 LOG 


Vin (ORIVER) >< 


Vv 
Ce DROOP CAUSED 
BY DEVICE 
LEAKAGE AND 
MEASUREMENT 
CIRCUITRY 


SWITCHING TRANSIENT 


NOTE: Applies only to DUAL or DOUBLE THROW NOTE: VcTE may be a positive or negative value. 
switches. 


4-227 


H1I-5044/883 


Test Characteristics 


ON/OFF SWITCH TIME (ton; torr) 


SWITCHING TIMES FOR POSITIVE DIGITAL TRANSITION SWITCHING TIMES FOR NEGATIVE DIGITAL TRANSITION 


2.4V 3.0V 3.6V 4.2V 4.8V : 
DIGITAL "HIGH" (Vay ) DIGITAL "LOW" (VAL ) 


Test Waveforms 


Vertical Scale: Input = 5V/Div., (TTL; Vay = 5V, Vat = OV) Vertical Scale: Input = 5V/Div., (CMOS; Vay = 10V, Vay = OV) 
Output = 5V/Div. Output = 5V/Div. 
Horizontal Scale: 100ns/Div. Horizontal Scale: 100ns/Div. 


INPUT sepemeeeiiie INPUT 5 


OUTPUT ™ OUTPUT ° 
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HI-5044/883 


Burn-In Circuit 


HI-5044/883 CERAMIC DIP 


CMOS ANALOG 
SWITCHES 


NOTES: 

R, thru R4 = 10kO, +5%, 1/4W (Min) 

C1, Co, Cg, = 0.01 F/Socket (Min) or 0.1F/Row, (Min) 
D1, Do, Dg = IN4002 or Equivalent/Board 

Vi = 5.5 + 0.5V 

Ay =A2 = 5.5 + 0.5V 

| (V+) - (V-) |= 30V 
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H!I-5044/883 


Schematic Diagram 


TTL/CMOS REFERENCE CIRCUIT * SWITCH CELL 
Ai (A2) 
VR 
R1 
200 2 TO (Vp’) 
TO Po 
IN OUT 
VL 
V 3 


Ay (A2) 


* Connect V+ to Vi for minimizing power consumption when driving from 


CMOS circuits. 
DIGITAL INPUT BUFFER AND LEVEL SHIFTER 
V+ 
D1 
R4 
A 
200M 
D2 
V as 


All N-Channel Bodies to V- 
All P-Channel Bodies to V+ 
Except as Shown 
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HI-5044/883 


Die Characteristics 


DIE DIMENSIONS: SUBSTRATE POTENTIAL (Powered-up): V- 
- x 81 eae DEVICE COUNT: 82 
(2430 x 2050 x 480um) DIE ATTACH: 

METALLIZATION: 


Material: Gold/Silicon Eutectic Alloy 
Type: oe ea R Temperature: Ceramic DIP — 460°C (Max) 
MNIeNTIGSS: fee eeen WORST CASE CURRENT DENSITY: 
GLASSIVATION: 1.0 x 105A/em2 @ 20mA 
Type: Nitride over Silox 
Silox Thickness: 12kA + 2kA 
Nitride Thickness: 3.5kA + 1kA 


Metallization Mask Layout 


HI-5044/883 


CMOS ANALOG 
SWITCHES 


NOTE: Pin Numbers Correspond to DIP Package Only. Unused Pins May Be Connected. Ground All Unused Pins. 
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H!I-5044/883 


Packaging‘ 
16 PIN CERAMIC DIP 


.265 


170 aes re ee 


O° 
-080 MAX 15° 


* INCREASE MAX LIMIT BY .003 INCHES 
MEASURED AT CENTER OF FLAT FOR 


SOLDER FINISH 
LEAD MATERIAL: Type B INTERNAL LEAD WIRE: 
LEAD FINISH: Type A Material: Aluminum 
PACKAGE MATERIAL: Ceramic, 90% Alumina Diameter: 1.25 Mil 
PACKAGE SEAL: Bonding Method: Ultrasonic 
Material: Glass Frit COMPLIANT OUTLINE: 38510 D-2 
Temperature: 450°0C + 10°C 
Method: Furnace Seal 
NOTE: All Dimensions are Min , Dimensions are in inches. t Mil-M-38510 Compliant Materials, Finishes, and Dimensions. 
“Max 
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D HARRIS HI-5044 


DESIGN INFORMATION 


DPST CMOS Analog Switch 


The information contained in this section has been developed through characterization by Harris Semiconductor and is for 
use as application and design aid only. These characteristics are not 100% tested and no product guarantee is implied. 


Typical Performance Curves Unless Otherwise Specified: Ta = +25°C, VguPPLY = +15V 


““ON” RESISTANCE vs. ANALOG SIGNAL LEVEL 
AND POWER SUPPLY VOLTAGE 


“ON” RESISTANCE - (Ohms) 


ANALOG SIGNAL LEVEL - (VOLTS) 


NORMALIZED “ON” RESISTANCE vs. TEMPERATURE 


NORMALIZED “ON* RESISTANCE 
(REFERRED TO + 25°C) 


-50° -25° 0° «64+25° #+50° +75° +100° +1250 
TEMPERATURE -(°C) 


NORMALIZED “ON” RESISTANCE vs. ANALOG CURRENT 


NORMALIZED “ON” RESISTANCE 
(REFERRED TO 1imA) 


ANALOG CURRENT - (mA) 
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CMOS ANALOG 
SWITCHES 


H!I-5044 


DESIGN INFORMATION (continuea) 


The information contained in this section has been developed through characterization by Harris Semiconductor and is for 
use as application and design aid only. These characteristics are not 100% tested and no product guarantee is implied. 


Typical Performance Curves unless Otherwise Specified: T, = +25°C, VsupPLy = £15V 


LEAKAGE CURRENT 


ON/OFF LEAKAGE CURRENT vs. TEMPERATURE 


100nA 


10nA 


TEMPERATURE - (°C) 


CROSSTALK vs. FREQUENCY 


: 
(lias ~ inggelll ll az : 


R, = 1KQ ie 
aban Sl 
il 


10K 


1 1K 100K 


FREQUENCY - (Hz) 
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OFF ISOLATION (dB) 


“OFF” ISOLATION vs. FREQUENCY 


ETT I TT ATT TTT TT 
TMT TT B00 0000 
AA | 
PE TT it a LL 
CTT IIT TTI TATE TTT TTT TTT 
BDA A 8 | 
CIMT CTI TIS EH 
|| | Oa SO mee eee 
UM TT TTT pelt ase aI 
BT A Hiatt NT 
UT TO Coe -FE 
CU TTT UM VE VE ETM 


10 100 1K 10K 1M 
FREQUENCY - (Hz) 


POWER CONSUMPTION vs. FREQUENCY 


came aa ee ee 
il ace MD 
fe it ee (ed eg 
52 Gaels es oe | 
perigee | 
rite es ol iO 
Gulia dee G6 ous |e on om oe Gs a 
ee ee 
fed PPh el oct hea |e 
{++ 
eee | 


O 1K 10K 100K 1M 
TOGGLE FREQUENCY (50% DUTY CYCLE) - (Hz) 


mW) 


160 


a 


POWER CONSUMPTION 


| HARRIS 


January 1989 


Features 


e This Circuit is Processed in Accordance to Mil-Std- 
883 and is Fully Conformant Under the Provisions of 
Paragraph 1.2.1. 


e Wide Analog Signal Range ........-.---.++-+:+- +15V 
e Low “ON” Resistance 
b-i- 5065-52250 ciee sees 500 (Typ) 1500 (Max) 
> HI-5049 ....... cee ecw eeeee 252 (Typ) 50 (Max) 
e High Current Capability................-- 70mA (Max) 
e Break-Before-Make Switching 
> Turn-On Time.........- 370ns (Typ) 800ns (Max) 
> Turn-Off Time.......... 280ns (Typ) 400ns (Max) 


e No Latch-Up 


e Input MOS Gates Are Protected From Electrostatic 
Discharge 


e DTL, TTL, CMOS, PMOS Compatible 
Applications 


e High Frequency Switching 
e Sample and Hold 

e Digital Filters 

e Operational Amplifier Gain Switching 


Pinouts 
LOGIC “Oo” INPUT 
TOP VIEWS 


eo 


a 


I 


1OriNiiDernirids 


vel a a 


HI4-50XX/883 (CERAMIC LCC) 


NOTE: Unused pins may be internally connected. 
Ground all unused pins. 


HI-5045/883 
HI-5049/883 


Dual DPST CMOS Analog Switch 


Description 


These CMOS analog switches offer low-resistance 
switching performance for analog voltages up to the supply 
rails and for signal currents up to 70mA. “ON” resistance is 
low and stays reasonably constant over the full range of 
operating signal voltage and current. RON remains 
exceptionally constant for input voltages between +5V and 
-5V and currents up to 50mA. Switch impedance also 
changes very little over temperature, particularly between 
O°C and +75°C. Ron is nominally 502 for the HI-5045/ 
883 and 252 for the HI-5049/883. 


These devices provide break-before-make switching and 
are TIL and CMOS compatible for maximum application 
versatility. Performance is further enhanced by Dielectric 
Isolation processing which insures latch-free operation with 
very low input and output leakage currents (0.8nA at 
+250C). They also feature very low power operation 
(1.5mW at +25°C). The HI-5045/883 and HI-5049/883 are 
available in a 16 pin Ceramic DIP or a 20 pin LCC and 
operate over the -55°C to +125°9C temperature range. 


Functional Diagram 


LOGIC “1” INPUT 


NOTE: Source and Drain are arbitrarily depicted as Analog Input and Output respectively. They 
may be interchanged without affecting performance. 
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CMOS ANALOG 
SWITCHES 


Specifications HI-5045/883 HI-5049/883 


Absolute Maximum Ratings 


Voltage Between V+ and V- Terminals. ...........cccccceuce 36V 
=VSUPPLY to Ground (V+, V-) .....ccccenccccurcacecccees +18V 
Vet GIOU os 5 case ihn Shes tel Peo OE CREM ES 6 crest -VSUPPLY 
Ey Ae els on uke nd oe see Kwcte aes eae ee +VSUPPLY 
Digital and Analog Input Voltage (Va, Vs, Vp)..... +VSUPPLY +4V 

-VSUPPLY ~4V 
Peak Current (Source to Drain) 

(Pulse at 1ms, 10% Duty Cycle Max) .......... ccc eee 70mA 
Continuous Current(Any Pin) 060... « ccéc occkcccucce ccs 20mA 
SUNCHOW IGHIOIRUMO fonts coon 0 cat 5 a So keke bh dase ne +175°9C 
Storage Temperature Range ................. -65°9C to +150°9C 
BOR RU  ccae avec cent cn eee ee, Cen ee <2000V 
Lead Temperature (Soldering 10 sec)...............c0eee 300°C 


Thermal Information 


Thermal Resistance Bia Bic 
Ceramic DIP Package................. 82°C/W 20°C/W 
Ceramic LCC Package ................ 80°C/W  20°C/W 

Package Power Dissipation at +75°C 
Ceramic DIP Package os evince setevereresssesssseers 1.0W 
CICS PACKAOG ie o's oka veo d wie owcdee doo dc dwce 1.0W 

Package Power Dissipation Derating Factor Above +75°C 
Coralie DIP Package ieee 6 o:0.c- vice areeed ell is Gn 12.3mW/9G 
CGRANUC LCC PAG AG. o5.5 5 ding x onnc tara te Speses bs 12.5mW/°C 


CAUTION: Absolute maximum ratings are limiting values, applied 
individually, beyond which the serviceability of the circuit may be impaired. 
Functional operability under any of these conditions is not necessarily 
implied. 


Recommended Operating Conditions 


Operating Temperature Range ............... -55°C to +1259C 
Opetating Supply Volaoe se AA evade sss cede sie anh +15V 
LOGIG SUpply WoNaAGe WV) } oo is sccseccice Xsan eds kdebcenes +5.0V 
Logic Reference Voltage (Vp) .......ccccccccceccccccceecs 0.0V 


Analog Input Voltage (Vg) .... 0... cece cece eee eee e ee +VSUPPLY 
Address Low Level (Vat) « « «s:03.00.05u ros wahaeh <aatsles OV to 0.8V 
Adcress High Covel (Vats) so aas secs cee ees cs « once 2.4V to +5.0V 


TABLE 1. D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 


Device Tested at: Supply Voltage = +15V, V_ = +5.0V, Vp = 0.0V, VAH = 2.4V, VaL = +0.8V, Unused Pins are Grounded, 


Unless Otherwise Specified. 


D.C.PARAMETERS |SYMBOL CONDITIONS 


IS(OFF) 


Switch “ON” Vp =-10V, Is = 10mA 
Resistance For $1/S2/S3/S4 
HI-5045/883 


Vp = 10V, Ig = -10mA 


$1/S2/S3/S4 


Switch “ON” Vp =-10V,Ig = 10mA 
Resistance For $1/S2/S3/S4 
HI-5049/883 


Vp = 10V, Ig = -10mA 
$1/S2/S3/S4 


Source “OFF” 
Leakage Current 


Vg =-10V, Vp = 10V 
$1/S2/S3/S4 


Vg = 10V, Vp = -10V 
$1/S2/S3/S4 


Drain “OFF” 
Leakage Current 


Vp =-10V, Vs = 10V 
$1/S2/S3/S4 


Vp = 10V, Vs = -10V 
$1/S2/S3/S4 


Channel “ON” 
Leakage Current 


Vp = Vs = 10V 
$1/S2/S3/S4 


Vp = Vs = -10V 
S1/S2/S3/S4 


GROUP A 
SUBGROUP 


[vase 
ee ee 
| ee es ae 
[23s |ecwevere | = [oe fa) 
Pe Se sae 
RS RES 28 ES 

[sate nase | 09 [oo | om 

ae ae ae 


| 


LIMITS 


TEMPERATURE 


+25°9C 


-55°C to +125°C 150 
-§5°C to +125°C 150 


-55°C to +125°9C -100 
+25°C 
-55°9C to +125°9C 
+25°C 


~559C to +125°C 


! 
—_ 


+25°C 
-55°C to +125°C 


a» 
@ 


CAUTION: This device is sensitive to electrostatic discharge. Proper |.C. handling procedures should be followed. 
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TABLE 1. D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 
Device Tested at: Supply Voltage = +15V, Vi = +5.0V, Vp = 0.0V, VAH = 2.4V, VAL = +0.8V, Unused Pins are Grounded, 


Unless Otherwise Specified. 
GROUP A 
D.C. PARAMETERS SYMBOL CONDITIONS SUBGROUP TEMPERATURE 
mh 


ane 
ae 


Low Level 
Address Current 


Ay, A2 


High Level 
Address Current 


Ai, AQ 
| -200_| 


-Icc Va = OV, 5V 
Ay, A2 
ee 
_-200 | - | 


| 


Positive 
Supply Current 


Negative 
Supply Current 


Logic 
Supply Current 


Reference 


Supply Current 

On 
aw 
= 
ZO 
<P 
[?p) — 
oS 
sv 
oO 


TABLE 2. A.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 
Device Tested at: Supply Voltage = +15V, Vi = +5.0V, Vp = 0.0V, Vay = +5.0V, Vat = +0.0V, Unused Pins are Grounded, 


Unless Otherwise Specified. 
LIMITS 
PARAMETERS SYMBOL CONDITIONS TEMPERATURE 


ee ee 
Ye 


GROUP A 
SUBGROUP 


Ru = 1k2 


Turn “OFF” Time Vs = 10V,-10V 
Cy = 10pF 


Ru = 1k 
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TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (NOTE 1) 


Device Characterized at: Supply Voltage = +15V, VL = +5.0V, VR = 0.0V, VaH = 4.0V, VaL = 0.8V, Unused Pins are Grounded, 
Unless Otherwise Specified. 


PARAMETERS SYMBOL 


“On” Resistance Match RON1 
(Channel to Channel) for Match 
HI-5045/883 
RON2 
(Channel to Channel) for Match 
HI-5049/883 
Switch Input CS(OFF) | Switch Off: +25°C 
Capacitance Va =O0V 
Switch Output CD(OFF) Switch Off: Va = OV 
Capacitance 
CD(ON) Switch On: Va = 5V 


Drain to Source CDS(OFF) | Switch Off: +25°9C 10 
Capacitance VA =O0V 


Vp = +10V 
Ip = 10mA 


“On” Resistance Match 


Off Isolation Viso 

RL = 1002 
Crosstalk VCoT Vs = 2Vp-p @ f = 100kHz 

RL = 1002 
Charge Transfer Error VOTE Vs = GND, C; = 10,000pF +25°C 

VA =0 to 4V @ f = 200kHz 


NOTE 1. Parameters listed in Table 3 are controlled via design or process parameters and are not directly tested at final production. These parameters are lab 
characterized upon initial design release, or upon design changes. These parameters are guaranteed by characterization based upon data from 
multiple production runs which reflect lot to lot and within lot variation. 


TABLE 4. ELECTRICAL TEST REQUIREMENTS 


MIL-STD-883 TEST REQUIREMENTS 


* PDA applies to Subgroup 1 only. 
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HI-5045/883 HI-5049/883 


Test Circuits 
Rps 


10mA 


ID(ON) 


= 10V 


OFF ISOLATION 


IN OUT 
V 
Vin 4 OUT 
(2V)pp 
VIN 
"OFF" ISOLATION = 20LOG 
VOUT 


IS(OFF) ID(OFF) 


lg (OFF) Ip (OFF) 


IN OUT 


2 1ov— ov. £10V.= 


5 5 5 


lg (OFF) 


+ 10V 


y 


ADDRESS CURRENT SUPPLY CURRENTS 


CMOS ANALOG 
SWITCHES 


CROSSTALK CHARGE TRANSFER 


TO 


SWITCHED MEASUREMENT 


CIRCUITRY 
CHANNEL o WITH INPUT 

se RESISTANCE OF 
IN OF 1MQ2 OR 


DRIVER GREATER 


f = 200kHz IF PULSE TEST IS USED: 
SQUARE WAVE ( Ta, Te < 20ns 
TR < 20ns 


Vin (DRIVER) >< 


"CROSSTALK" = 20 LOG ae 


DROOP CAUSED 
BY DEVICE 
LEAKAGE AND 
MEASUREMENT 
CIRCUITRY 


SWITCHING TRANSIENT 


NOTE: Applies only to DUAL or DOUBLE THROW 
switches. 


NOTE: VcTE may be a positive or negative value. 
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HI-5045/883 HI-5049/883 


Test Characteristics 


ON/OFF SWITCH TIME (ton, torr) 


+ 10V 


720 


Tit DRE Seta 
noe een eee 
is eae eee 
A tle | IEP the ee 
UNS aes — 
PSP SE ton ae 
CNC 
180 eet pst to 


on os ee 
ae ae is a 120 tT 
doe tle Pe a stele ihn 


2.4V 3.0V 3.6V 4.2V 4.8V 0.5V 1.0V 1.5V 
DIGITAL “HIGH?” (Vay ) DIGITAL "LOW* (VAL ) 


tee Ree eee ee 
SeRSR see See eres 
BSR EeRes che ae 
ee es ee 
eee so 
tt ee | 


Test Waveforms 


Vertical Scale: Input = 5V/Div., (TTL; Vay = 5V, Vay = OV) Vertical Scale: Input = 5V/Div., (CMOS; Vay = 10V, Vay = OV) 
Output = 5V/Div. Output = 5V/Div. 
Horizontal Scale: 100ns/Div. Horizontal Scale: 100ns/Div. 


INPUT INPUT 


OUTPUT OUTPUT 
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HI-5045/883 HI-5049/883 


Burn-In Circuits 


HI-5045/883 HI-5049/883 CERAMIC DIP 


HI-5045/883 HI-5049/883 CERAMIC LCC 


CMOS ANALOG 
SWITCHES 


ete I gheasle Te dee ghey TE gash | 


ig! 10! 41! 142! 43! 


NOTES: 

Ry thru Rg = 10k, +5%, 1/4W (Min) 

C1, Co, C3, = 0.01pF/Socket (Min) or 0.11F/Row, (Min) 
D1, Do, Dg = IN4002 or Equivalent/Board 

V, = 5.5 + 0.5V 

Ay =AQ=55+ 0.5V 

| (v+) - (V-) |= 30v 
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H!-5045/883 HI-5049/883 
Schematic Diagram 
TTL/CMOS REFERENCE CIRCUIT * SWITCH CELL 


Ay (A2) 


TO (Vp”) 
TO Pp 


OUT 


Ay (A2) 


* Connect V+ to Vi for minimizing power consumption when driving from 
CMOS circuits. 


DIGITAL INPUT BUFFER AND LEVEL SHIFTER 


V+ 


D1 


D2 


All N-Channel Bodies to V- 
All P-Channel Bodies to V+ 
Except as Shown 
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H!I-5045/883 HI-5049/883 


Die Characteristics 


DIE DIMENSIONS: 
96 x 81 x 19mils 
(2430 x 2050 x 480um) 


METALLIZATION: 
Type: Aluminum 
Thickness: 16kA + 2kA 
GLASSIVATION: 
Type: Nitride over Silox 
Silox Thickness: 12kA + 2kA 
Nitride Thickness: 3.5kA + 1kA 


Metallization Mask Layout 


SUBSTRATE POTENTIAL (Powered-up): V- 
DEVICE COUNT: 82 
DIE ATTACH: 

Material: Gold/Silicon Eutectic Alloy 


Temperature: Ceramic DIP — 460°C (Max) 
Ceramic LCC — 420°C (Max) 


WORST CASE CURRENT DENSITY: 
1.0 x 105°A/cm2 @ 20mA 


HI-5045/883 HI-5049/883 


CMOS ANALOG 
SWITCHES 


NOTE: Pin Numbers Correspond to DIP Package Only. Unused Pins May Be Connected. Ground All Unused Pins. 
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HI-5045/883 HI-5049/883 


Packaging'* 
16 PIN CERAMIC DIP 
.753 
.785 140 
.005 MIN 170 
1 


.200 MAX 


r 1 
.015 150 MIN 
.060 
125 .080 MAX 
180 * 100 
.016 ised 
023 
.050 * 
065 


LEAD MATERIAL: Type B 
LEAD FINISH: Type A 
PACKAGE MATERIAL: Ceramic, 90% Alumina 
PACKAGE SEAL: 
Material: Glass Frit 
Temperature: 450°C + 10°C 
Method: Furnace Seal 


20 PAD CERAMIC LCC 


.265 
-285 


.290 
-310 


.008 * 
.015 


ar 
15° 


* INCREASE MAX LIMIT BY .003 INCHES 
MEASURED AT CENTER OF FLAT FOR 
SOLDER FINISH 


INTERNAL LEAD WIRE: 

Material: Aluminum 

Diameter: 1.25 Mil 

Bonding Method: Ultrasonic 
COMPLIANT OUTLINE: 38510 D-2 


PAD MATERIAL: Type C 
PAD FINISH: Type A 
FINISH DIMENSION: Type A 
PACKAGE MATERIAL: Multilayer Ceramic, 90% Alumina 
PACKAGE SEAL: 
Material: Gold/Tin (80/20) 
Temperature: 320°C + 10°C 
Method: Furnace Braze 


F ‘ Min . ‘ eg 
NOTE: All Dimensions are , Dimensions are in inches. 
Max 
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INTERNAL LEAD WIRE: 

Material: Aluminum 

Diameter: 1.25 Mil 

Bonding Method: Ultrasonic 
COMPLIANT OUTLINE: 38510 C-2 


t Mil-M-38510 Compliant Materials, Finishes, and Dimensions. 


1) HARRIS HI-5045 
HI-5049 


Dual DPST CMOS Analog Switch 


DESIGN INFORMATION 


The information contained in this section has been developed through characterization by Harris Semiconductor and is for 
use as application and design aid only. These characteristics are not 100% tested and no product guarantee is implied. 


Typical Performance Curves _Uneess Otherwise Specified: Ta = +25°C, VguppLy = £15V 


ON” RESISTANCE vs. ANALOG SIGNAL LEVEL 
AND POWER SUPPLY VOLTAGE 


“ON” RESISTANCE - (Ohms) 


5 +10 +15 
ANALOG SIGNAL LEVEL - (VOLTS) 


NORMALIZED “ON” RESISTANCE vs. TEMPERATURE 


= 


Cooke ae le a 
FECEEEEEE 


0° =+25° +509 +759 +100° +1250 
TEMPERATURE -(°C) 


CMOS ANALOG 
SWITCHES 


LW 
O 
2 
O 
_ 
nS 
Ss 
ct 
» O 
zr 
Oa 
WwW 
a 
N 
2 
=c 
c 
oO 
4 


NORMALIZED “ON” RESISTANCE vs. ANALOG CURRENT 


1.4 


NORMALIZED “ON” RESISTANCE 
(REFERRED TO 1mA) 


ANALOG CURRENT - (mA) 
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HI-5045 HI-5049 
DESIGN INFORMATION (continueg) 


The information contained in this section has been developed through characterization by Harris Semiconductor and is for 
use as application and design aid only. These characteristics are not 100% tested and no product guarantee is implied. 


Typical Performance Curves unless Otherwise Specified: Ta = +25°C, Vsyppiy = +15V 


ON/OFF LEAKAGE CURRENT vs. TEMPERATURE “OFF” ISOLATION vs. FREQUENCY 


eo ACES a ee 
TM TAT UTTTTs A 
COT TIP RATS TTT TTT 
CAI TET TT mE TT 
CUT TTI TUT IS UT 
UUM ELT TET TTT TTT TTT TTT 
LUI CTR ETT) TTT TOT TTT TTT 


1 10 100 1K 10K 100K 1M 
FREQUENCY - (Hz) 


LEAKAGE CURRENT 
OFF ISOLATION (dB) 
== 


TEMPERATURE - (°C) 


CROSSTALK vs. FREQUENCY POWER CONSUMPTION vs. FREQUENCY 


oeslnanen ote ied 01 se ee oa 
Hincad eslebliee <i Gme one ee ed 
eth es aed ale ee 
Hiaasen se ee eB: 
Eeileaiebu etme 9-1 Mie toe Peale 
bss a a i pa 0 
Pea ae ee i 
eas aks ao ae oe 
eed | ee ea 
i ee Soi 

COC e eer Tr 


O 1K 10K 1M 
TOGGLE FREQUENCY (50% Bae a (Hz) 


(mW) 


160 


120 


[CCUM RRS a 

Uae = eo 

Cc oT 

COTTA 1 SHU 
i 


POWER CONSUMPTION - 


1 10 100 1K 10K 100K 1M 
FREQUENCY - (Hz) 
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HI-5046/883 
HI-5046A/883 


DPDT CMOS Analog Switch 


|) HARRIS 


January 1989 


Features 


e This Circuit is Processed in Accordance to Mil-Std- 
883 and Is Fully Conformant Under the Provisions of 
Paragraph 1.2.1. 

e Wide Analog Signal Range 

e Low “ON” Resistance 
> HI-5046 
> HI-5046A 

e High Current Capability 

e Break-Before-Make Switching 
> Turn-On Time 370ns (Typ) 800ns (Max) 
> Turn-Off Time 280ns (Typ) 400ns (Max) 

e No Latch-Up 

e Input MOS Gates Are Protected From Electrostatic 
Discharge 

e DTL, TTL, CMOS, PMOS Compatible 


500 (Typ) 150 (Max) 
250 (Typ) 502 (Max) 
70mA (Max) 


Applications are available in a 16 pin Ceramic DIP and operate over the 9 

e High Frequency Switching -55°C to +125°C temperature range. 2 ul 
e Sample and Hold 40 
e Digital Filters 3 
e Operational Amplifier Gain Switching = és 


Pinout 
LOGIC “Oo” INPUT 
TOP VIEW 


HI1-5046/883 (CERAMIC DIP) 


HI1-5046A/883 (CERAMIC DIP) 


NOTE: Unused pins may be internally connected. 
Ground all unused pins. 


Description 


These CMOS analog switches offer low-resistance 
switching performance for analog voltages up to the supply 
rails and for signal currents up to 7OmA. “ON” resistance is 
low and stays reasonably constant over the full range of 
operating signal voltage and current. RON remains 
exceptionally constant for input voltages between +5V and 
-5V and currents up to 50mA. Switch impedance also 
changes very little over temperature, particularly between 
0°C and +759C. Ron is nominally 50Q for the HI-5046/ 
883 and 252 for the HI-5046A/88s3. 


These devices provide break-before-make switching and 
are TIL and CMOS compatible for maximum application 
versatility. Performance is further enhanced by Dielectric 
Isolation processing which insures latch-free operation with 
very low input and output leakage currents (0.8nA at 
+250C). They also feature very low power operation 
(1.5mW at +25°C). The HI-5046/883 and HI-5046A/883 


Functional Diagram 


LOGIC “1” INPUT 


NOTE: Source and Drain are arbitrarily depicted as Analog Input and Output respectively. They 
may be interchanged without affecting performance. 


4-247 


Specifications HI-5046/883 HI-5046A/883 


Absolute Maximum Ratings 


Voltage Between V+ and V- Terminals..............cceeeeee 36V 
EVGEBDEY I ONO IV TWH). ink e Vewe vine Sands ecewes es +18V 
Ve Wa Grn evs 2 fae Teo So ESR sae. oe -VSUPPLY 
Ve Ms nie en es cdc ks cous et PaaS au bowel bans +VSUPPLY 
Digital and Analog Input Voltage (Va, Vs, Vp)..... +VSUPPLY +4V 

-VsuPPLy ~4V 
Peak Current (Source to Drain) 

(Pulse at 1ms, 10% Duty Cycle Max) ...............008, 7OmA 
Continuous Current (Any Pin) ............cc.cccececceces 20mA 
JUNCTION TEMOSIATUNG: 2a dc 2% s viene s cde sau cies baeiewatwab +175°C 
Storage Temperature Range ................. -65°C to + 150°C 
Bebh P< css wricacaibite ma und v Caran iLk et daseaneee <2000V 
Lead Temperature (Soldering 10 sec).............0 cee eee 300°C 


Thermal Information 


Thermal Resistance Sia Bic 
Ceramic DIP Package................. 82°C/W 20°C/W 
Package Power Dissipation at +759C 


COI POCKIOS 8 oilers bo sm hee ve eb wa oe cele woe 1.0W 
Package Power Dissipation Derating Factor Above +75°C 
COlSG ENP PaCkaGe sei oi ciwik vat cos sek veut <u ce 12.3mW/°C 


CAUTION: Absolute maximum ratings are limiting values, applied 
individually, beyond which the serviceability of the circuit may be impaired. 
Functional operability under any of these conditions is not necessarily 
implied. 


emma er Ss SSNS 


Recommended Operating Conditions 


Operating Temperature Range ............... -55°C to +125°C 
Operating Supply Voltage is Fak i ie ui wtec bebe’ +15V 
LS CI CIEE Dian 9.3% cctes boidig aienic'e te epee aes +5.0V 
Logic Reference Voltage (Vp) .......... ccc cece ceeceeeeees 0.0V 


Analog input Voltage (Vs)... 56.00. i RSE SIS +VSUPPLY 
Address Low Level (Va) ) . ..ciwiai asst ein Viera OV to 0.8V 
Address High Level (Vapy)... «00s. .ssccccccccmaeses 2.4V to +5.0V 


TABLE 1. D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 
Device Tested at: Supply Voltage = +15V, Vi = +5.0V, Vp = 0.0V, VaH = 2.4V, Vai = +0.8V, Unused Pins are Grounded, 


Unless Otherwise Specified. 


D.C.PARAMETERS |SYMBOL 


CONDITIONS 


Switch “ON” 
Resistance For 
HI-5046/883 


Vp =-10V, Ig = 10mA 
$1/S2/S3/S4 


Vp = 10V, Ig = -10mA 
$1/S2/S3/S4 


Switch “ON” 
Resistance For 
HI-5046A/883 


Vp =-10V, Ig = 10mA 
$1/S2/S3/S4 


Vp = 10V, Ig =-10mA 
$1/S2/S3/S4 


Source “OFF” 
Leakage Current 


Vg = -10V, Vp = 10V 


$1/S2/S3/S4 


Vs = 10V, Vp = -10V 
$1/S2/S3/S4 


Drain “OFF” 
Leakage Current 


Vp =-10V, Vs = 10V 
$1/S2/S3/S4 


Vp = 10V, Vg = -10V 
$1/S2/S3/S4 


Channel “ON” 
Leakage Current 


Vp = Vs = 10V 
S1/S2/S3/S4 


Vp = Vs = -10V 
$1/S2/S3/S4 


GROUP A 


SUBGROUP 


- 


LIMITS 


TEMPERATURE 
+25°9C 
-55°C to +125°9C 
+25°9C 
-§5°C to +125°9C 
+25°C 
-55°9C to +125°C 

1 +25°C 
-559C to +125°9C 
+25°9C 
-559C to +125°C 
+25°C 
-55°C to +125°C 


+25°C 
-55°C to +1259C 

+25°9C 
-55°9C to +1259C 

+25°C 
-§5°9C to +125°9C 


he 
re) 


+25°9C 


-55°C to +125°9C 


CAUTION: This device is sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
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HI-5046/883 HI-5046A/883 


TABLE 1..D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


Device Tested at: Supply Voltage = +15V, Vi = +5.0V, Vp = 0.0V, Vay = 2.4V, VaL = +0.8V, Unused Pins are Grounded, 
Unless Otherwise Specified. 


GROUP A 
SUBGROUP 


Low Level 
Address Current 


High Level VA = 2.4V, 5V 
Address Current 


Positive Va = OV, 5V +25°9C 
Supply Current 
-55°C to +125°C 


Negative Va =OV, 5V +25°9C 
Supply Current 

-559C to +1259C 
Logic Va = OV, 5V +25°C 
Supply Current 
Reference Va = OV, 5V 
Supply Current 


TABLE 2. A.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 


CMOS ANALOG 
SWITCHES 


Device Tested at: Supply Voltage = +15V, Vi = +5.0V, Vp = 0.0V, Vay = +5.0V, Vat = +0.0V, Unused Pins are Grounded, 
Unless Otherwise Specified. 


GROUP A 
SUBGROUP 


TEMPERATURE 


ee 
ee ee 
ee ee 


Vs = 10V, -10V 
Cy = 10pF 
Ru = 1k 


Tan OFF Tine Perrpert 
Cy = 10pF 
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H!I-5046/883 HI-5046A/883 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (NOTE 1) 
Device Characterized at: Supply Voltage = +15V, V_ = +5.0V, Vp = 0.0V, Vay = 4.0V, Val = 0.8V, Unused Pins are Grounded, 


Unless Otherwise Specified. 
LIMITS 
PARAMETERS SYMBOL CONDITIONS NOTES TEMPERATURE Min, | MAX | UNITS 
10 
+25°C 
(Channel to Channel) for 
HI-5046A/883 


“On” Resistance Match RON1 


(Channel to Channel) for 
HI-5046/883 


“On” Resistance Match 


EF 
oe 
Nh 
oO 
fe) 
E 
st 
r=) 
8 Pat 


Switch Output 
Capacitance 


Off Isolation Viso Vg = 2Vp-p @ f = 100kHz 
Rt = 1002 

Crosstalk VCT Vs = 2Vp-p @ f = 100kHz +25°9C 
R_ = 1002 

Charge Transfer Error VCTE Vs = GND, C, = 10,000pF 
VA =0 to 4V @ f= 200kHz 


NOTE 1. Parameters listed in Table 3 are controlled via design or process parameters and are not directly tested at final production. These parameters are lab 
characterized upon initial design release, or upon design changes. These parameters are guaranteed by characterization based upon data from 
multiple production runs which reflect lot to lot and within lot variation. 


l 
5 s. 
o 5 
= 
eo 
o 2 
® — 
(@) 
@o 
QO 
Si, 
2 
O 
TI 
a 
<= WD 
> s 
=. 
Ors: 
es 
=p 
—_ 


3 ne) ae) OD se) DO 
< m0 a mu mn i 


TABLE 4. ELECTRICAL TEST REQUIREMENTS 


t*,:2,3, 9; 10, 11 
Group A Test Requirements 1, 2,3, 9, 10, 11 


* PDA applies to Subgroup 1 only. 
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HI-5046/883 HI-5046A/883 


Test Circuits 


Rps IS(OFF) ID(OFF) 
10mA 
Ig (OFF) Ip (OFF) Ig (OFF) Ip (OFF) 
“ee ie ws Se 10V. 
ID(ON) ADDRESS CURRENT SUPPLY CURRENTS 
5 
” 
wd 
> OUT <u 
ZO 
<p 
= 
o> 
Ss (7) 
O 
OFF ISOLATION CROSSTALK CHARGE TRANSFER 
To 
: our Sanne a 
VIN Vout WITH INPUT 
R Vv RESISTANCE OF 
(evyep7 FP" : : Ry ale 


SQUARE WAVE { Ta, Tp < 20ns 
TR < 20ns 


Vin (DRIVER) >< 


DRIVER 
f= 200kHz IF PULSE TEST IS USED: 


VIN 
VouT 


"OFF" ISOLATION = 20 LOG ( 


DROOP CAUSED 
BY DEVICE 
LEAKAGE AND 
MEASUREMENT 
CIRCUITRY 


SWITCHING TRANSIENT 


NOTE: Applies only to DUAL or DOUBLE THROW NOTE: Vote may be a positive or negative value. 
switches. 
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HI-5046/883 HI-5046A/883 


Test Characteristics 


ON/OFF SWITCH TIME (ton, torr) 


SWITCHING TIMES FOR POSITIVE DIGITAL TRANSITION 


720 
660 


7s eeas 
Ranke ts 
este oe ee Pee 
ya ea ele ces ee (CGB 
po Nie ea ewe ie ot 
Rie. ae ee 
FSS ake eee 
Sie Es 


2.4V 3.0V 3.6V 4.2V 4.8V 
DIGITAL "HIGH" (Vay ) 


Test Waveforms 


Vertical Scale: Input = 5V/Div., (TTL; Vay = 5V, Vat = OV) 
Output = 5V/Div. 
Horizontal Scale: 100ns/Div. 


INPUT 


OUTPUT = 


SWITCHING TIMES FOR NEGATIVE DIGITAL TRANSITION 


el Vay a 2 | 
oN 


et 


ied 


DIGITAL “LOW” (VAL ) 


12) 
< 
S 
Oo 
< 
° 
< 


Vertical Scale: Input = 5V/Div., (CMOS; Vay = 10V, Vay = 


Output = 5V/Div. 
Horizontal Scale: 100ns/Div. 


a ee 


cee aacaaes oa 


INPUT spent 


OUTPUT , 
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OV) 


H!I-5046/883 HI-5046A/883 


Burn-In Circuit 


HI-5046/883 HI-5046A/883 CERAMIC DIP 


CMOS ANALOG 
SWITCHES 


NOTES: 

R; thru Rg = 10kQ, +5%, 1/4W (Min) 

Cy, Co, Cg, = 0.01 nF/Socket (Min) or 0.1 F/Row, (Min) 
Dy, Do, Dg = IN4002 or Equivalent/Board 

Vi = 5.5 + 0.5V 

Ay =Ao = 5.5 + 0.5V 

| (V+) - (V-) |= 30V 
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H!I-5046/883 HI-5046A/883 


Schematic Diagram 
TTL/CMOS REFERENCE CIRCUIT * SWITCH CELL 


V+ 
sie Ay (A2) 


TO (Vp’) 


ee OUT 


Ai (A2) 


* Connect V+ to Vi for minimizing power consumption when driving from 
CMOS circuits. 


DIGITAL INPUT BUFFER AND LEVEL SHIFTER 


D1 


D2 


All N-Channel Bodies to V- 
All P-Channel Bodies to V+ 
Except as Shown 
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HI-5046/883 HI-5046A/883 


Die Characteristics 


DIE DIMENSIONS: SUBSTRATE POTENTIAL (Powered-up): V- 
ee Laan DEVICE COUNT: 82 
(2430 x x 480um) DIE ATTACH: 
METALLIZATION: Material: Gold/Silicon Eutectic Alloy 
Ly Seek ok Temperature: Ceramic DIP — 460°C (Max) 
eRnoee. WORST CASE CURRENT DENSITY: 
GLASSIVATION: 1.0 x 105A/cm2 @ 20mA 


Type: Nitride over Silox 
Silox Thickness: 12kA + 2kA 
Nitride Thickness: 3.5kA + 1kA 


Metallization Mask Layout 


HI-5046/883 HI-5046A/883 


CMOS ANALOG 
SWITCHES 


NOTE: Pin Numbers Correspond to DIP Package Only. Unused Pins May Be Connected. Ground All Unused Pins. 
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HI-5046/883 HI-5046A/883 


Packaging' 
16 PIN CERAMIC DIP 
755 
| .785 | 140 
aie .265 
ii | Sele leben. 
j 


O05 MIN 
} Bet ee 


015 150 MIN 
.060 : 
125 -080 MAX = 
-180 * -100 .015 
016 BSC 
2023 
.050 * 
065 * INCREASE MAX LIMIT BY .003 INCHES 
MEASURED AT CENTER OF FLAT FOR 
SOLDER FINISH 
LEAD MATERIAL: Type B INTERNAL LEAD WIRE: 
LEAD FINISH: Type A Material: Aluminum 
PACKAGE MATERIAL: Ceramic, 90% Alumina Diameter: 1.25 Mil 
PACKAGE SEAL: Bonding Method: Ultrasonic 
Material: Glass Frit COMPLIANT OUTLINE: 38510 D-2 
Temperature: 450°C + 10°C 
Method: Furnace Seal 
NOTE: All Dimensions are Ge , Dimensions are in inches. t Mil-M-38510 Compliant Materials, Finishes, and Dimensions. 
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a? HARRIS HI-5046 
HI-5046A 


DPDT CMOS Analcg Switch 


DESIGN INFORMATION 


The information contained in this section has been developed through characterization by Harris Semiconductor and is for 
use as application and design aid only. These characteristics are not 100% tested and no product guarantee is implied. 


Typical Performance Curves unless Otherwise Specified: Ta = +25°C, VguppLy = +15V 


*“ON” RESISTANCE vs. ANALOG SIGNAL LEVEL 
AND POWER SUPPLY VOLTAGE 


"ON" RESISTANCE - (Ohms) 
§ 


15 10 +5 +10 +15 G 
ANALOG SIGNAL LEVEL - (VOLTS) 2 n 
z0 
NORMALIZED “ON” RESISTANCE vs. TEMPERATURE ¥ > 
= a 


reat ee eal 
- 25° 0° +259 +509 +75° +100° + 125° 
TEMPERATURE -(°C) 


NORMALIZED “ON” RESISTANCE 
(REFERRED TO + 25°C) 


NORMALIZED “ON” RESISTANCE vs. ANALOG CURRENT 


NORMALIZED "ON” RESISTANCE 
(REFERRED TO 1mA) 


10) 20 40 60 80 
ANALOG CURRENT - (mA) 
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H!I-5046 HI-5046A 


DESIGN INFORMATION (continueg) 


The information contained in this section has been developed through characterization by Harris Semiconductor and is for 
use as application and design aid only. These characteristics are not 100% tested and no product guarantee is implied. 


Typical Performance Curves uniess Otherwise Specified: Ta = +25°C, VsupPLy = +15V 


ON/OFF LEAKAGE CURRENT vs. TEMPERATURE “OFF” ISOLATION vs. FREQUENCY 


LUTE UI TT CTI ETT TT TTT 
UTM ETI TTT TTT TTT TTT 
ETE TUN TOT TTT TTT TTT 
UTM IE TATE TTI TTT TTT 
UUM TT TATE TTI TT TT TTT 
BSS aA 
UT CU CATT iy At LT 
CTT LTP TT SST TT 
ET OUTST 
TE TE TT To TTT 
UTI TTI COTE TT TTT TTT TTT 
ELUTE UT TTT ETT TTT PTT TTT 


1 10 100 1K 10K 100K 1M 
FREQUENCY - (Hz) 


LEAKAGE CURRENT 
OFF ISOLATION (dB) 


TEMPERATURE - (°C) 


CROSSTALK vs. FREQUENCY POWER CONSUMPTION vs. FREQUENCY 
A | ebepat | AB ea] fe | 
a LL) A od Sa | ge 
Re A a Se eee Aes ae 
@ 160 el UT TT TE ETT TTT TTT — 160 Repel ea a ea 
2 CASTES UTE CMTE ETT " 
% vo LT TT ne | R, = 1007 Ell 2 alae Ree aes 
eee Ra SS TT eu oe aela e  e 
8 oo LTTE UTT [ae = Ko ATT ESS (SR aRae s 
6 CUTIE UTE PALETTES as 
i say he ee el eh yf | 
ao TTT mellll : 
aii Pepe ee | aes oe || 
o LLU Fl i tl eae Ee le 
1 10 100 1K 10K 100K 1M ‘ a Ber ee ae 


FREQUENCY - (Hz) 


O 1K 10K 100K 1M 
TOGGLE FREQUENCY (50% DUTY CYCLE) - (Hz) 
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HI-5047/883 
HI-5047A/883 


4PST CMOS Analog Switch 


it HARRIS 


January 1989 


Features 


e This Circuit is Processed in Accordance to Mil-Std- 
883 and is Fully Conformant Under the Provisions of 
Paragraph 1.2.1. 


Description 


These CMOS analog switches offer low-resistance 
switching performance for analog voltages up to the supply 
rails and for signal currents up to 70mA. “ON” resistance is 


e Wide Analog Signal Range ...........-+.e+e005 +15V low and stays reasonably constant over the full range of 
sey Ob aenerens Seb tocmy constant Sor Wigal SORGGEE BeRWeor TY sit 
w HIDROST oe anne se snsennns 500 (Typ) 1500 (Max) -5V and currents up to 50mA. Switch impedance also 
> HI-SO47A .........20-00ee- 252 (Typ) 509 (Max) changes very little over temperature, particularly between 
e High Current Capability..............---. 70mA (Max) 00°C and +75°C. Ron is nominally 500 for the HI-5047/ 
e Break-Before-Make Switching 883 and 252 for the HI-5047A/883. 
> -On Time.......... 37 T 0 M . : ied 
. eee seme si akc Moc These devices provide break-before-make switching and 
Turn-Off Time.......... 280ns (Typ) 400ns (Max) are TTL and CMOS compatible for maximum application 


e No Latch-Up 


e Input MOS Gates Are Protected From Electrostatic 
Discharge 


e DTL, TTL, CMOS, PMOS Compatible 


Ap P lications are available in a 16 pin Ceramic DIP and operate over the su, 

i -550C to +1250C t t o% 
e High Frequency Switching 0 emperature range. ran 
e Sample and Hold 5 O 
e Digital Filters 8 3 
¢ Operational Amplifier Gain Switching = 


versatility. Performance is further enhanced by Dielectric 
Isolation processing which insures latch-free operation with 
very low input and output leakage currents (0.8nA at 
+25°C). They also feature very low power operation 
(1.5mW at +25°C). The HI-5047/883 and HI-5047A/883 


Pinout 


LOGIC “0” INPUT 
TOP VIEW 


HI1-5047/883 (CERAMIC DIP) 
HI1-5047A/883 (CERAMIC DIP) 


NOTE: Unused pins may be internally connected. 
Ground all unused pins. 


Functional Diagram 
LOGIC “1” INPUT 


NOTE: Source and Drain are arbitrarily depicted as Analog Input and Output respectively. They 
may be interchanged without affecting performance. 
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Specifications HI-5047/883 HI-5047A/883 


Absolute Maximum Ratings 


Voltage Between V+ and V- Terminals...............ecccee. 36V 
=VSUPPLY to Ground (V+, V-) .......ccccsccccccscccccccs +18V 
MPR WQURG 5 20 FS oe sos sdnn 8 50k Rb cbs iccus -VSUPPLY 
ML MERON Gooch doe eens ned waawe stad Sots esas +VSUPPLY 
Digital and Analog Input Voltage (Va, Vs, Vp)..... +VSUPPLY +4V 

-VSUPPLY ~4V 
Peak Current (Source to Drain) 

(Pulse at 1ms, 10% Duty Cycle Max) .............c0eeee 7OmA 
Continuous Current (Any Pin) ............ccc ccc cecceeees 20mA 
JURCHON FOIPOP 50:80 5 ooo) Cain od s'bv v's vic cco slcwbebde +175°C 
Storage Temperature Range ................. -65°C to +150°C 
Ee PEC ig Bic oa oopactindn 9.2 Mises «gate cc oedema <2000V 
Lead Temperature (Soldering 10 sec).............ccce eee 300°C 


Thermal Information 


Thermal Resistance Sia Bic 
Ceramic DIP Package...............5 82°C/W 20°C/W 
Package Power Dissipation at +75°C 


CAMPING IOIP PRCIIGG 5 oc ocean cides cad sdncdecsevdcceis'es 1.0W 
Package Power Dissipation Derating Factor Above +75°C 
Ceramic DIP Package .....0. 0c. ccescscccseccseth 12.3mW/°C 


CAUTION: Absolute maximum ratings are limiting values, applied 
individually, beyond which the serviceability of the circuit may be impaired. 
Functional operability under any of these conditions is not necessarily 
implied. 


Recommended Operating Conditions 


Operating Temperature Range ............... -55°9C to +125°C 
Operating Supply Vollages.. soos... coc. a eee +15V 
Logic Supply Voltage (V_).........ceceececcecceccccecees +5.0V 
Logic Reference Voltage (Vp) ......... cc cece cccceeccceecs 0.0V 


Analog Input Voltage (Vs) ......... cece eee e ee eeeees +VSUPPLY 
Address Low Level (VAL) ........cecceeececccccecees OV to 0.8V 
Address High Level (Vay) ........ eee ceeceeeeecee 2.4V to +5.0V 


TABLE 1. D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 


Device Tested at: Supply Voltage = +15V, V_ = +5.0V, Vp = 0.0V, VAH = 2.4V, VaL = +0.8V, Unused Pins are Grounded, 
Unless Otherwise Specified. 


D.C.PARAMETERS |SYMBOL CONDITIONS 


Vp =-10V, ls = 10mA 
$1/S2/S3/S4 


Switch “ON” 
Resistance For 
HI-5047/883 


Vp = 10V, Ig =-10mA 
$1/S2/S3/S4 


IS(OFF) 


Switch “ON” Vp =-10V, Ig = 10mA 
Resistance For $1/S2/S3/S4 
HI-5047A/883 


Vp = 10V, Ig =-10mA 
S1/S2/S3/S4 


Source “OFF” 
Leakage Current 


Vg =-10V, Vp = 10V 
$1/S2/S3/S4 


Vs = 10V, Vp = -10V 
$1/S2/S3/S4 


Drain “OFF” 
Leakage Current 


Vp =-10V, Vs = 10V 
S1/S2/S3/S4 


Vp = 10V, Vg = -10V 
$1/S2/S3/S4 


Channel “ON” 
Leakage Current 


Vp =Vs = 10V 
S1/S2/S3/S4 


Vp = Vs = -10V 
S1/S2/S3/S4 


GROUP A 
SUBGROUP 


LIMITS 


TEMPERATURE UNITS 


+25°C 


N 
or 


-55°C to +125°C 
+259C 
-55°C to +125°0C 
+25°C 


-55°C to +1259C 


+25°9C 


N 
ol 


-55°C to +125°C 


+25°9C 


3 
> 


-559C to +125°C 


+25°C 
-559C to +125°C 


nA 


+25°C 
-559C to +125°9C 


r | 
>| > 


n 


+25°C 
-559C to +125°C 


ee 
> 


+25°C 
-55°C to +125°C 


+25°9C 
-55°C to +125°9C 


ae ie 
>| > 


CAUTION: This device is sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
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HI-5047/883 HI-5047A/88&3 


TABLE 1. D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 
Device Tested at: Supply Voltage = +15V, VL = +5.0V, VR = 0.0V, VAH = 2.4V, VAL = +0.8V, Unused Pins are Grounded, 


Unless Otherwise Specified. 
GROUP A 

D.C.PARAMETERS | SYMBOL | CONDITIONS | SUBGROUP | TEMPERATURE | MIN, | 

; ee 


Low Level ia | Vazov 
Address Current 

a 
Address Current 

= 
Va = OV, 5V 
Va = OV, 5V 


TABLE 2. A.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 


Positive 
Supply Current 


Negative 
Supply Current 


Logic 
Supply Current 


Reference 
Supply Current 


ee ee 


CMOS ANALOG 
SWITCHES 


Device Tested at: Supply Voltage = +15V, Vi = +5.0V, VR = 0.0V, VaH = +5.0V, VaL = +0.0V, Unused Pins are Grounded, 


Unless Otherwise Specified. 
SYMBOL CONDITIONS TEMPERATURE 


Vs = 10V, -10V 
CL = 10pF 


GROUP A 


PARAMETERS SUBGROUP 


Turn “ON” Time 


Turn “OFF” Time 


11 
10 
Cy = 10pF 
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HI-5047/883 HI-5047A/883 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (NOTE 1) 
Device Characterized at: Supply Voltage = +15V, VL = +5.0V, VR = 0.0V, VaH = 4.0V, VaL = 0.8V, Unused Pins are Grounded, 


Unless Otherwise Specified. 
LIMITS 


PARAMETERS SYMBOL CONDITIONS TEMPERATURE Min, | MAX | UNITS 
“On” Resistance Match Vp = +10V 
(Channel to Channel) for Ip = 10mA 
HI-5047/883 
“On” Resistance Match RoON2 Vp = +10V 
(Channel to Channel) for Match Ip = 10mA 
HI-5047A/883 

Address Capacitance Va = OV, 5V 


Switch Input CsS(OFF) | Switch Off: 
Capacitance VA =OV 


1 


f. 
nN 
11) 
[eo] 
@) 


1 
1 


Capacitance 
CD(ON) Switch On: Va = 5V 
Drain to Source CDS(OFF) | Switch Off: 1 +25°C 
Capacitance Va =O0V 
Off Isolation Viso Vs = 2Vp-p @ f = 100kHz 
Ri_ = 1000 
Charge Transfer Error VCTE 


NOTE 1. Parameters listed in Table 3 are controlled via design or process parameters and are not directly tested at final production. These parameters are lab 
characterized upon initial design release, or upon design changes. These parameters are guaranteed by characterization based upon data from 
multiple production runs which reflect lot to lot and within lot variation. 


Switch Output CD(OFF) | Switch Off: Va = OV 


+4 

on 

[e) 
i 
a 

HH 


Vs = GND, Ci = 10,000pF 
Va =0 to 4V @ f = 200kHz 


TABLE 4. ELECTRICAL TEST REQUIREMENTS 


MIL-STD-883 TEST REQUIREMENTS 
a 
a 


* PDA applies to Subgroup 1 only. 
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HI-5047/883 HI-5047A/883 


Test Circuits 
Ros IS(OFF) 


10mA 


lg (OFF) Ip (OFF) 


RON= joms 


IN OUT 


+10vV = 


Vv 


+ 10V 


<HII 


ADDRESS CURRENT 


ID(ON) 


OFF ISOLATION CROSSTALK 
IN HoT SWITCHED 
a ewe CHANNEL o 
(2V)pp a ia 8 Vin 


Vv 
"OFF" ISOLATION = 20L0G |__!N 
VouT 


VIN 


“CROSSTALK” = 20 LOG 


Vout / 


NOTE: Applies only to DUAL or DOUBLE THROW 
switches. 
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ID(OFF) 
lg (OFF) Ip (OFF) 
() IN OUT OO) 
¢ “Ts Se 2 10V 
SUPPLY CURRENTS 
0 OUT 
CHARGE TRANSFER 
TO 
MEASUREMENT 
CIRCUITRY 
WITH INPUT 
RESISTANCE OF 
OF 1M2 OR 
DRIVER GREATER 
f= 200kHz } IF PULSE TEST IS USED: 
SQUARE WAVE { Ty, Tp < 20ns 
as 20ns 
Vin (DRIVER) >< 
DROOP CAUSED 
BY DEVICE 
LEAKAGE AND 


MEASUREMENT 
CIRCUITRY 


SWITCHING TRANSIENT 


NOTE: Vote may be a positive or negative value. 


CMOS ANALOG 
SWITCHES 


HI-5047/883 HI-5047A/883 


Test Characteristics 


ON/OFF SWITCH TIME (ton, torr) 


SWITCHING TIMES FOR POSITIVE DIGITAL TRANSITION 


Bele | eel ee ae 
faa R ERS eae 
fk toe oe dE 
NER EEE 


2.4V 3.0V 3.6V 4.2V 4.8V 
DIGITAL "HIGH" (Vay ) 


SWITCHING TIMES FOR NEGATIVE DIGITAL TRANSITION 


eee 2a SSP eser es 
REE GA 


Pe 

Bes ba cae 

ae 
- 


vy, 
300 Ee ee LA | 
aa Be ie, a 
a to ae ee 
cae et de be ede 
60 rc es RS a a ae 0 
OV 0.5V 1.0V 1.5V 


DIGITAL "LOW" (VAL ) 


Test Waveforms 


Vertical Scale: Input = 5V/Div., (TTL; VAH = 5V, VaL = OV) 
Output = 5V/Div. 
Horizontal Scale: 100ns/Div. 


INPUT 


OUTPUT 


OUTPUT 


Vertical Scale: Input = 5V/Div., (CMOS; Vay = 
Output = 5V/Div. 
Horizontal Scale: 100ns/Div. 


10V, Vay = OV) 


INPUT g 
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HI-5047/883 HI-5047A/88&3 


Burn-In Circuit 


HI-5047/883 HI-5047A/883 CERAMIC DIP 


CMOS ANALOG 
SWITCHES 


NOTES: 

Ry thru Rg = 10k, +5%, 1/4W (Min) 

C1, Co, C3, = 0.01F/Socket (Min) or 0.11F/Row, (Min) 
Dj, Do, Dg = IN4002 or Equivalent/Board 

Vi = 5.5 + 0.5V 

Ay = Ap = 5.5 + 0.5V 

(V+) - (V-)|= 30Vv 
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H!I-5047/883 


Schematic Diagram 
TTL/CMOS REFERENCE CIRCUIT * 


VR 
R1 
200 TO (VR’) 
TO Pp 
VL 
V = 


* Connect V+ to Vi for minimizing power consumption when driving from 
CMOS circuits. 


HI-5047A/883 


SWITCH CELL 


A1 (A2) 


OUT 


A1 (A2) 


DIGITAL INPUT BUFFER AND LEVEL SHIFTER 


V+ 


D1 


D2 


All N-Channel Bodies to V- 
All P-Channel Bodies to V+ 
Except as Shown 
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HI-5047/883 HI-5047A/88&3 


Die Characteristics 


DIE DIMENSIONS: SUBSTRATE POTENTIAL (Powered-up): V- 
pee : eh DEVICE COUNT: 82 
( x x 480um) DIE ATTACH: 
METALLIZATION: Material: Gold/Silicon Eutectic Alloy 
7 deal ae ick Temperature: Ceramic DIP — 460°C (Max) 
ICKNeSS. WORST CASE CURRENT DENSITY: 
GLASSIVATION: 1.0 x 105A/cm2 @ 20mA 


Type: Nitride over Silox 
Silox Thickness: 12kA + 2kA 
Nitride Thickness: 3.5kA + 1kA 


Metallization Mask Layout 
HI-5047/883 HI-5047A/883 


D2 So A 


CMOS ANALOG 
SWITCHES 


NOTE: Pin Numbers Correspond to DIP Package Only. Unused Pins May Be Connected. Ground All Unused Pins. 
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HI-5047/883 HI-5047A/883 


Packaging*t 


16 PIN CERAMIC DIP 


.265 


| eee 


ee 
15° 
.015 


* INCREASE MAX LIMIT BY .003 INCHES 
MEASURED AT CENTER OF FLAT FOR 


SOLDER FINISH 
LEAD MATERIAL: Type B INTERNAL LEAD WIRE: 
LEAD FINISH: Type A Material: Aluminum 
PACKAGE MATERIAL: Ceramic, 90% Alumina Diameter: 1.25 Mil 
PACKAGE SEAL: Bonding Method: Ultrasonic 
Material: Glass Frit COMPLIANT OUTLINE: 38510 D-2 
Temperature: 450°C + 10°C 
Method: Furnace Seal 
NOTE: All Dimensions are un , Dimensions are in inches. Tt Mil-M-38510 Compliant Materials, Finishes, and Dimensions. 
“Max 


4-268 


“HARRIS HI-5047 
HI-5047A 


DESIGN INFORMATION 


4PST CMOS Analog Switch 


The information contained in this section has been developed through characterization by Harris Semiconductor and is for 
use as application and design aid only. These characteristics are not 100% tested and no product guarantee is implied. 


Typical Performance Curves Unless Otherwise Specified: Ta = +25°C, VsupPLy = +15V 


“ON” RESISTANCE vs. ANALOG SIGNAL LEVEL 
AND POWER SUPPLY VOLTAGE 


a 

OV oS 
Oo 60 
EET wee 
WW ce 
Oo 

z 

< 

Ke 

2 

ve) 

Ww 

c 

LJ 

& 

° 


ANALOG SIGNAL LEVEL - (VOLTS) 


NORMALIZED “ON” RESISTANCE vs. TEMPERATURE 


12 Seeeeeeeeeeeeee 
alt 


(REFERRED TO + 25°C) 


NORMALIZED “ON” RESISTANCE 


-50° -25° 0° +25° +50° +759 +100° +1250 
TEMPERATURE -(°C) 


NORMALIZED “ON” RESISTANCE vs. ANALOG CURRENT 


NORMALIZED "ON” RESISTANCE 
(REFERRED TO 1mA) 


ANALOG CURRENT - (mA) 
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CMOS ANALOG 
SWITCHES 


H!I-5047 HI-5047A 


DESIGN INFORMATION (continued) 


The information contained in this section has been developed through characterization by Harris Semiconductor and is for 
usé as application and design aid only. These characteristics are not 100% tested and no product guarantee is implied. 


Typical Performance Curves unless Otherwise Specified: Ta = +25°C, Vsyppty = +15V 


ON/OFF LEAKAGE CURRENT vs. TEMPERATURE “OFF” ISOLATION vs. FREQUENCY 


100nA 


es — —— eS ————eee 
ee = SS = = = See 
ES 7 
= fee A I 
3 ang | 
EH 
00 SS 
See Bailll 
es 1 10 100 1K 10K —- 100K 1M 
a Ses at FREQUENCY - (Hz) 
250 500 750 100° 125° 
TEMPERATURE - (°C) 
CROSSTALK vs. FREQUENCY POWER CONSUMPTION vs. FREQUENCY 
aa || 
1 a te 
wT S 
= 160 = 
i z 
; 120 : 
D 
z 
‘ie ce Bin 
40 aa 5 
UE TINT | | Th 9 
o LUM TTT CT TT 


1 10 100 1K 10K 100K 1M 
FREQUENCY - (Hz) 


Oo 1K 10K 100K 1M 
TOGGLE FREQUENCY (50% DUTY CYCLE) - (Hz) 
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a} HARRIS 


HI-5048/883 


January 1989 Dual SPST CMOS Analog Switch 


Features 


e This Circuit is Processed in Accordance to Mil-Std- 
883 and is Fully Conformant Under the Provisions of 
Paragraph 1.2.1. 

e Wide Analog Signal Range 


e Low “ON” Resistance 252 (Typ) 
502 (Max) 


e High Current Capability 70mA (Max) 
e Break-Before-Make Switching 

> Turn-On Time 370ns (Typ) 
800ns (Max) 
280ns (Typ) 


400ns (Max) 


> Turn-Off Time 


e No Latch-Up 


e Input MOS Gates Are Protected From Electrostatic 
Discharge 


e DTL, TTL, CMOS, PMOS Compatible 


Applications temperature range. S n 

Ww 
e High Frequency Switching Z i} 
e Sample and Hold as 
e Digital Filters = ” 


e Operational Amplifier Gain Switching 


Pinout 
LOGIC “0” INPUT 
TOP VIEW 


HI1-5048/883 (CERAMIC DIP) 


NOTE: Unused pins may be internally connected. 
Ground all unused pins. 


Description 


This CMOS analog switch offers low-resistance switching 
performance for analog voltages up to the supply rails and 
for signal currents up to 70mA. “ON” resistance is low and 
stays reasonably constant over the full range of operating 
signal voltage and current. RON remains exceptionally 
constant for input voltages between +5V and -5V and 
currents up to 50mA. Switch impedance also changes very 
little over temperature, particularly between O°C and 
+75°C. Ron is nominally 252. 


This device provides break-before-make switching and is 
TIL and CMOS compatible for maximum application 
versatility. Performance is further enhanced by Dielectric 
Isolation processing which insures latch-free operation with 
very low input and output leakage currents (0.8nA at 
+250C). This switch also features very low power operation 
(1.5mW at +25°C). The HI-5048/883 is available in a 16 
pin Ceramic DIP and operates over the -55°C to +125°9C 


Functional Diagram 


LOGIC “1” INPUT 


NOTE: Source and Drain are arbitrarily depicted as Analog Input and Output respectively. They 
may be interchanged without affecting performance. 
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Specifications HI-5048/883 


Absolute Maximum Ratings 


Voltage Between V+ and V- Terminals.................0.00. 36V 
=VSuPPLY to Ground (V+, V-).......0ccccccccccencavccece +18V 
MEE et GARNER hs Cea hw cp BROMO hy diet oe pees Cee -VSUPPLY 
VG Ie GIQuR TF Se bee 6 oe ik dans 5 ne dew 08S s OSe! +VSUPPLY 
Digital and Analog Input Voltage (Va, Vs, Vp)..... +VSUPPLY +4V 

-VSUPPLY ~4V 
Peak Current (Source to Drain) 

(Pulse at 1ms, 10% Duty Cycle Max) ............eceeee 70mA 
Continuous Current (Any Pin) .............ccccccccecueee 20mA 
Junction Tentperaturé. 0.65052 85. i ak ee ek 2 +175°C 
Storage Temperature Range ................. ~65°C to +150°C 
ESD Hetng xs eriasiesiut es Shoe. sissy: aiawoar < 2000V 
Lead Temperature (Soldering 10 sec)...........cceeeceee 300°C 


Thermal Information 


Thermal Resistance Sia 8ic 
Ceramic DIP Package................. 82°C/W = 20°C/W 
Package Power Dissipation Limit at +75°C for Ty < +175°C 


Ceramic Di? Package .....ccccccaccccescoccscsatlnei.: 1.0W 
Package Power Dissipation Derating Factor Above +75°C 
CQranvi ir FaChaa@s coc: sso. ods ie beweec wae fees 12.3mW/°C 


CAUTION: Absolute maximum ratings are limiting values, applied 
individually, beyond which the serviceability of the circuit may be impaired. 
Functional operability under any of these conditions is not necessarily 
implied. 


Recommended Operating Conditions 


Operating Temperature Range ............... -559C to +125°9C 
Operating Somply Vollage..... 3372.0. 2 ean +15V 
LOGIC SOI NORMAL) «5 cindy Sin vik eo c's np aicefae sedacn +5.0V 
Logic Reference Voltage (Vp) .........ccccceeccceeccceecs 0.0V 


Analog Input Voltage (Vg) ......... cece eee eseeeeees +VSUPPLY 
Pargeess Low Level (Vai). %.. 5.2 ibs ccc sec ecdeade scat OV to 0.8V 
Address High Level (Vay) ........0..ceeecceeccce 2.4V to +5.0V 


TABLE 1. D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 


Device Tested at: Supply Voltage = +15V, Vi = +5.0V, VR = 0.0V, VAH = 2.4V, Var = +0.8V, Unused Pins are Grounded, 


Unless Otherwise Specified. 


D.C. PARAMETERS 


Switch “ON” 
Resistance 


Vp =-10V, Ig = 10mA 
S1/S2 


Source “OFF” 
Leakage Current 


Drain “OFF” 
Leakage Current 


Vp = -10V, Vg = 10V 
$1/S2 


Vp = 10V, Vs = -10V 
$1/S2 


Channel “ON” 
Leakage Current 


High Level 
Address Current 


SYMBOL CONDITIONS 


Rps 
Vp = 10V, Ig =-10mA 1 
$1/S2 
IS(OFF) | VS=-10V,Vp = 10V 
$1/S2 
Vs = 10V, Vp = -10V 1 
$1/S2 


ID(ON) Vp = Vs = 10V 
$1/S2 
Vp = Vs =-10V 
$1/S2 
Low Level IAL Va =OV 1 
Address Current Ai,Ao 
lAH VA = 2.4V, 5V 
A1,A2 
Positive +loc Va = OV, 5V 
Supply Current Ai,Ao2 


Negative -lcc Va = OV, 5V 
Supply Current Ai,Ao 
Logic +IL Va = OV, 5V 
Supply Current 

Reference +IR Va = OV, 5V 
Supply Current 


= 
”n 


U 


= 
4 
” 


SUBGROUP | TEMPERATURE 
+25°C 

3 

-55°9C to +1259C 

: 


Ga 
= 


—_ 


A 


s 


(@) 

=k 

[@) _ 
= | P= | 
> > 


re 
> 


3 
> 


ok 
|- 


PEPPPP EP 


ws 


CAUTION: This device is sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
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HI-5048/883 


TABLE 2. A.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 
Device Tested at: Supply Voltage = +15V, Vi = +5.0V, Vp = 0.0V, VAH = +5.0V, VaL = +0.0V, Unused Pins are Grounded, 


Unless Otherwise Specified. 
LIMITS 
PARAMETERS SYMBOL CONDITIONS | MAX | 


Turn “ON” Time Vg = 10V, -10V eae ona | 
Rin tke | = [500 | ns 

a | ee ee oe 

ee ae ee ee 

| - [600 | ns 


Rp = 1k 
[10 | tase6 
TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (NOTE 1) 


GROUP A 
SUBGROUP 


TEMPERATURE UNITS 


Vs = 10V, -10V 
Cy = 10pF 
Ri = 1k. 


Device Characterized at: Supply Voltage = +15V, Vi = +5.0V, VR = 0.0V, VAH = 4.0V, VAL = 0.8V, Unused Pins are Grounded, 
Unless Otherwise Specified. 


“On” Resistance Match 


(Channel to Channel) = 


Switch Input Cs(OFF) | Switch Off: +25°C 
Capacitance Va = OV 
Capacitance 


Drain to Source Cps(OFF)| Switch Off: 
Capacitance Va = OV 
Off Isolation Viso Vs = 2Vp-p @ f = 100kHz 
Ry = 1002 
Crosstalk VcT Vs = 2Vp-p @ f = 100kHz +25°C 
Ri = 100 
ie tal 


Charge Transfer Error VCTE Vs = GND, C,_ = 10,000pF 
Va = Oto 4V @ f= 200kHz 


NOTE 1. Parameters listed in Table 3 are controlled via design or process parameters and are not directly tested at final production. These parameters are lab 
characterized upon initial design release, or upon design changes. These parameters are guaranteed by characterization based upon data from 
multiple production runs which reflect lot to lot and within !ot variation. 


TABLE 4. ELECTRICAL TEST REQUIREMENTS 


MIL-STD-883 TEST REQUIREMENTS SUBGROUPS (SEE TABLES 1 & 2) 


Groups C & D Endpoints 


* PDA applies to Subgroup 1 only. 


4-273 


CMOS ANALOG 
SWITCHES 


H!I-5048/883 


Test Circuits 
Rps IS(OFF) ID(OFF) 


10mA 


lg (OFF) Ip (OFF) lg (OFF) Ip (OFF) 


oO IN OUT 


+10V +10V— 


5 5 5 


I+ 
—_ 
o 
< 


<HII 


ID(ON) ADDRESS CURRENT SUPPLY CURRENTS 


OFF ISOLATION CROSSTALK CHARGE TRANSFER 
To 
MEASUREMENT 
IN OUT seals s D CIRCUITRY 
Vv Vout ‘ WITH INPUT 
IN 500 R v 0.01Mf RESISTANCE OF 
(2V)pp L IN a U OF 1M2 OR 
(2V)pp L DRIVER GREATER 
f= 200kHz | IF PULSE TEST IS USED: 
SQUARE wep Ta. Tp < 20ns 
Tr < 20ns 
"OFF" ISOLATION = 20 LOG a i vy 
OUT "CROSSTALK" = 20 LoG|—!N_ 
VoOuT 


Vin (ORIVER) S< 


DROOP CAUSED 
BY DEVICE 
LEAKAGE AND 
MEASUREMENT 
CIRCUITRY 


SWITCHING TRANSIENT 


NOTE: Applies only to DUAL or DOUBLE THROW NOTE: Vote may be a positive or negative value. 
switches. 
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HI-5048/883 


Test Characteristics 


ON/OFF SWITCH TIME (ton; toFF) 


OUT 1 


OUT 2 


‘OFF 


SWITCHING TIMES FOR POSITIVE DIGITAL TRANSITION SWITCHING TIMES FOR NEGATIVE DIGITAL TRANSITION 


8 
2 i 
2a 
<P 
\ 8s 
ae $8 


aa. 
i 


2.4V 3.0V 3.6V 4.2V 4.8V : 
DIGITAL “HIGH” (Vay ) DIGITAL "LOW" (VAL ) 


Test Waveforms 


Vertical Scale: Input = 5V/Div., (TTL; VAH = 5V, VAL = OV) Vertical Scale: Input = 5V/Div., (CMOS; Vay = 10V, VaL = OV) 
Output = 5V/Div. Output = 5V/Div. 


Horizontal Scale: 100ns/Div. Horizontal Scale: 100ns/Div. 
INPUT « 


INPUT 


OUTPUT OUTPUT 
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HI-5048/883 


Burn-In Circuit 


HI-5048/883 CERAMIC DIP 


NOTES: 

R, thru R4 = 10k, +5%, 1/4W (Min) 

C1, Co, C3, = 0.01 pF/Socket (Min) or 0.1 pF/Row, (Min) 
Dy, Do, Dg = IN4002 or Equivalent/Board 

V_ = 5.5 + 0.5V 

Ay =Ap =5.5+0.5V 

| (V+) - (V-) |= 30v 
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HI-5048/883 


Schematic Diagram 
TTL/CMOS REFERENCE CIRCUIT * SWITCH CELL 


Ai (A2) 


TO (Vp’) 


OUT 


Ai (A2) 


* Connect V+ to Vi for minimizing power consumption when driving from 
CMOS circuits. 


DIGITAL INPUT BUFFER AND LEVEL SHIFTER 


CMOS ANALOG 
SWITCHES 


V+ 


D1 


D2 


All N-Channel Bodies to V- 
All P-Channel Bodies to V+ 
Except as Shown 
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H!I-5048/883 


Die Characteristics 


DIE DIMENSIONS: SUBSTRATE POTENTIAL (Powered-up): V- 
ae x 81 : pote. DEVICE COUNT: 82 
(2430 x 2050 x 480m) DIE ATTACH: 
METALLIZATION: Material: Gold/Silicon Eutectic Alloy 
es bere ae ~ Temperature: Ceramic DIP — 460°C (Max) 
so PTBSS: ghar + WORST CASE CURRENT DENSITY: 
GLASSIVATION: 1.0 x 105A/cm2 @ 20mA 
Type: Nitride over Silox 
Silox Thickness: 12kA + 2kA 
Nitride Thickness: 3.5kA + 1kA 
Metallization Mask Layout 
HI-5048/883 


NOTE: Pin Numbers Correspond to DIP Package Only. Unused Pins May Be Connected. Ground All Unused Pins. 
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H!I-5048/883 


Packaging‘ 
16 PIN CERAMIC DIP 
140 
ess 265 
005 MIN 170 | 285 | 
200 MAX 
015 150 MIN 
.060 - 
125 080 MAX a 
180 100 


BSC 


LEAD MATERIAL: Type B 
LEAD FINISH: Type A 
PACKAGE MATERIAL: Ceramic, 90% Alumina 
PACKAGE SEAL: 
Material: Glass Frit 
Temperature: 450°C + 10°C 
Method: Furnace Seal 


NOTE: All Dimensions are ells , Dimensions are in inches. 
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« INCREASE MAX LIMIT BY .003 INCHES 
MEASURED AT CENTER OF FLAT FOR 
SOLDER FINISH 


INTERNAL LEAD WIRE: 

Material: Aluminum 

Diameter: 1.25 Mil 

Bonding Method: Ultrasonic 
COMPLIANT OUTLINE: 38510 D-2 


CMOS ANALOG 
SWITCHES 


+ Mil-M-38510 Compliant Materials, Finishes, and Dimensions. 


Harris HI-5048 


DESIGN INFORMATION 


Dual SPST CMOS Analog Switch 


The information contained in this section has been developed through characterization by Harris Semiconductor and is for 
useé as application and design aid only. These characteristics are not 100% tested and no product guarantee is implied. 


Typical Performance Curves Unless Otherwise Specified: Ta = +25°C, Vsypply = +15V 


“ON” RESISTANCE vs. ANALOG SIGNAL LEVEL 
AND POWER SUPPLY VOLTAGE 


“ON” RESISTANCE - (Ohms) 


ANALOG SIGNAL LEVEL - (VOLTS) 


NORMALIZED “ON” RESISTANCE vs. TEMPERATURE 


NORMALIZED "ON*” RESISTANCE 
(REFERRED TO + 25°C) 


+50° +759 +100° +4250 
TEMPERATURE -(°C) 


NORMALIZED “ON” RESISTANCE vs. ANALOG CURRENT 


NORMALIZED “ON” RESISTANCE 
(REFERRED TO 1mA) 


ANALOG CURRENT - (mA) 
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HI-5048 


DESIGN INFORMATION (continued) 


The information contained in this section has been developed through characterization by Harris Semiconductor and is for 
use as application and design aid only. These characteristics are not 100% tested and no product guarantee is implied. 


Typical Performance Curves Unless Otherwise Specified: Ta = +25°C, VgupPLy = =15V 


ON/OFF LEAKAGE CURRENT vs. TEMPERATURE “OFF” ISOLATION vs. FREQUENCY 
OY TM TT 
Sa aaa eos io wooo ITT TT OT 
Sk Ges PMT ATT TT 
Lg —— — — —— es a A 
= aC TM CM TTT 
En ee ca co SA zoo I UT sal | 
a Le ee ede 3 OS HL a 
0 SS SS eee tm MSL ART a, 
oe 7 rae | QC 
a hace oa ee noe weal cS OCT 
era dd a ae ce ET TAU 
00) SS SS AN AE EE 
— BUA A 
ee ak oe 1 10 100 1K 10K 100K 1M 
sah = 428 FREQUENCY - (Hz) 
250 50° 75° 100° 1250 
TEMPERATURE - (°C) S ” 
<z 
CROSSTALK vs. FREQUENCY POWER CONSUMPTION vs. FREQUENCY Z = 
= 
3s 
Ss ” 
= PRE eee eee 5 
Pe CCE 
E 160 
a ' 
gi" g So 
te sh 
SSS Ee 
O g0 Be. [ ~ alll Ww z / 
6 COMTI OD LIPS i as a a ee 
40 SE = 5 Pe Pe eh eee Or al 
ma aa 9 40 5 A 
A CTE TTT LT eee alo det am ed 
Lh 
Se to I I OR ee 
FREQUENCY - (Hz) Oo 1K 10K 100K 1M 


TOGGLE FREQUENCY (50% DUTY CYCLE) - (Hz) 
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CMOS 


Analog Multiplexers 


CMOS ANALOG MULTIPLEXER DATA SHEETS PAGE 
HI-506/883 Single 16 Channel CMOS Analog Multiplexer... ... cece ee eee eee tee eee eee 5-3 
HI-507/883 Differential 8 Channel CMOS Analog Multiplexer... ...... cece cece eee eee ees 5-3 
HI-508/883 Single 8 Channel CMOS Analog Multiplexer. .... 6... cee eee cece eee eee eee 5-14 
HI-509/883 Differential 4 Channel CMOS Analog Multiplexer... ..... ccc e ee eee ee ee eens 5-14 
HI-516/883 16 Channel/Differential 8 Channel CMOS High Speed Analog Multiplexer...... 5-25 
HI-518/883 8 Channel/Differential 4 Channel CMOS High Speed Analog Multiplexer....... 5-36 
HI-524/883 4 Channel Wideband Mulitplexer ...... 0... ccc cece cence ence reece eaeees 5-47 
HI-546/883 Single 16 Channel CMOS Analog Multiplexer With Active 
Overvollage ProteCtion «ois cis ccc cce wie carrentals ter eee een res reee nn ee es 5-59 — 
HI-547/883 Differential 8 Channel CMOS Analog Multiplexer With Active 2 ti 
Overvoliage Protection «occ. r cede c cence tee eete ee eee teen een wens ee enes 5-59 z ij 
oO. 
HI-548/883 Single 8 Channel CMOS Analog Multiplexer With Active 3 - 
Ciera AGe PICS CON ys 202 bala bandas wadvad sSatlds cece etna acrwnraedhs 5-70 =: 
HI-549/883 Differential 4 Channel CMOS Analog Multiplexer With Active 
Overvoltage Protection: «6 Fs scsi csceie nn cnc dewd se rea eee en nee nee awe ee 5-70 


ABSOLUTE MAXIMUM RATINGS 
As with all semiconductors, stresses listed under “Absolute Maximum Ratings” may be 
applied to devices (one at a time) without resulting in permanent damage. This is a stress 
rating only. Exposure to absolute maximum rating conditions for extended periods may 
affect device reliability. The conditions listed under “Electrical Specifications” are the only 
conditions recommended for satisfactory operation. 
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GG? HARRIS 


HI-506/883 
HI-507/883 


Single 16/Differential 8 Channel 
January 1989 CMOS Analog Multiplexer 


Features Description 


e This Circuit is Processed in Accordance to Mil-Std- These monolithic CMOS multiplexers each include an 
883 and is Fully Conformant Under the Provisions of array of sixteen analog switches, a digital decode circuit 
Paragraph 1.2.1. for channel selection, voltage reference for logic thresh- 
Low On Resistance (Max.) .....:scssssssssssesssssessseeseeeees 4000 «olds, and an ENABLE input for device selection when 


several multiplexers are present. 
Wide Analog Signal Range ...........:::ssscssssseneseeerees +15V bes 
The Dielectric Isolation (D1) process used in fabrication of 


TTL/CMOS Compaitible .........ccccccccseees 2.4V (Logic ie ag | these devices eliminates the problem of latchup. Also, DI 
Access Time (Max.) .....-.ccsccssssscscsssccccccosenssensssceses 1000ns_ offers much lower substrate leakage and parasitic 
capacitance than conventional junction isolated CMOS. 
The switching threshold for each digital input is 
Break-Before-Make Switching established by an internal +5V reference, providing a 
No Latch-up guaranteed minimum 2.4V for logic “1” and maximum 

0.8V for logic “0”. This allows direct interface without 
Replaces DGSO6A/DGS06AA and DGS07A/DGS07AA pullup resistors to signals from most logic families: 
CMOS, TTL, DTL and some PMOS. For protection against 
Applications transient overvoltage, the digital inputs include a series 
200 resistor and diode clamp to each supply. The 
H1-506/883 is a sixteen channel single-ended multiplexer, 
e Precision Instrumentation and the HI-507/883 is an eight channel differential 
version. If input overvoltage protection is needed, the 
; HI-546/833 or HI-547/883 multiplexers are recom- 
e Selector Switch mended. For further information see Application Notes 

520 and 521. 


a ne EU EEE EES 


44V Maximum Power Supply 


e Data Acquisition Systems 


e Demultiplexing 


Pinouts HI1-506/883 (CERAMIC DIP) H1I1-507/883 (CERAMIC DIP) 
TOP VIEW TOP VIEW 


MULTIPLEXERS 


CMOS ANALOG 


+VsuppLy C1 +VsupPLY (1 


18 [J ENABLE 18 1 ENABLE 

17 1 ADDRESS Ag 17 1 ADDRESS Ag 

16 [0 ADDRESS Ay 16 1 ADDRESS Ay 
ADDRESS A3 (14 15 1 ADDRESS A2 15 [1 ADDRESS A2 


H14-506/883 (CERAMIC LCC) HI4-507/883 (CERAMIC LCC) 
TOP VIEW TOP VIEW 


> 
onl 
a 
a 
> 
“” 
> 
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-VSUPPLY 
-VSUPPLY 


= 

™» 
c= 
™~ 


HI-506/883 HI-507/883 


Functional Diagrams 


TRUTH TABLES 


H1I-506/883 HI-506/883 


DECODER/ 
DRIVER 


*DIGITAL INPUT 
PROTECTION 


Ag Ai A2 A3 EN 


dee, eo ch Ate” oS a ae eee ee 
oe eel 0 eee EO a Fee ae oe ee 
a fT ae i see eee ek a i tank ee 
Ser Act ke oy Ce ols) SL: he ce A a oes Mee 


X 
L 
L. 
L 
L 
L 
i 
L. 
E 
H 
H 
H 
H 
H 
H 
H 
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HI-507/883 HI-507/883 


“ON” CHANNEL 
IN 1A PAIR 
X X X ts None 
IN 6A L " gpa a | 1 
_— Lb Leet 2 
L H it H 3 
L H H H 4 
DECODER/ 
DRIVER H L L H 5 
IN 8B H L H H 6 
H H L H 7 
H H H H 8 


*DIGITAL INPUT 
PROTECTION 


CAUTION: 


Specifications HI-506/883 HI-507/883 


Absolute Maximum Ratings 


Voliage Between Supply’ PING..........0.::..scsscoscsossessnecessessneseonasens 44V 
tVSUPPLY tO GIOUN .........cscscsecsreessissrceresssesetentenssnteasssecensenes 22V 
“VSUPPLY tO GrOUNd............cccsercecereseesesereeseceseenensaeenenserenseees 25V 
Analog Input Voltage 

Ne aaa coagures cases prem Tair ater eaiaesnnd peteagepigustnaseaiKsens +VSUPPLY *t2V 

OS ric besivomsanecehsitvcntasesrnvesdaianeesabeadaemxereasosescsveornt -VSUPPLY -2V 
Digital Input Voltage 

PYG FV cccssesicefencieedtR orejsoceneseasdeierdisdserenesenss +VSUPPLY *t4V 

“WHEN, VA soncnscanatosseasnagrscssd paxasenssecinavetesnensnseneey -VSUPPLY -4V 

or 20mA, whichever occurs first. 

Contifous Garren? SOF Disiscccicscceceesns vets toccessvesduasccstnaenantes 20mA 
Peak Current, S or D 

(Pulsed at 1ms, 10% Duty Cycle Max.) .......c eects 40mA 
Storage Temperature Range ............::ceceeeeee -65°C to +150°C 
Lead Temperature (Soldering 10 Seconds)............::0ee 275°C 
Recommended Operating Conditions 
Operating Temperature Range..............:cceeeee -559C to +125°9C 
Operating Supply Voltage (ELVSUPPLY) «---.-:::cseeeeeeteeereerees +15V 
Analog Input Voltage (Vs) ....c......scscrecesrrssrrsecreseeees +VSUPPLY 


MCU ORT OIA POTARG 5. ss sincsdsesinnennensncsesecnceastescerenvsssttyeanter +175°C 
Thermal Resistance, Junction-to-Case (jc) 

Geramic-DiP-Package 27s sii ihn teeieecteen 18°9C/W 

BUTE Upc (og BB 22-0 |. Se ee ov ee 20°C/W 
Thermal Resistance, Junction-to-Ambient (6ja) 

CR GATIIED TE ACK AIG 2s ic ncsveccpeeccganch«uencaisesiueeae entssause 519C/W 

CCS PATIN NG te RANG), oan cn cv ccsacanvas esse cvsasvacrqcpestearess 74°C/W 
Power Dissipation at 75°C 

COB ir PC inci cacscasincaccacaarkonniornatbocasdcersetucnens 1.97W 

PAG Oy FC RAO issn naesiaticsnaccubesess dared aaestennanrsads 1.35W 
Power Dissipation Derating Factor (Above +75°C) 

CGrAMIC DIP PACKAGES boivssescccccseccsnsiosdsraisiasserserancese 19.8mW/°C 

Ceramic LCC. Packagd...........0scssssssecbsssesesasensessorses 13.5mW/°C 
EL SAGARA cs csscaivscdevssvcnsnviaendavavisvapwsventngnvenincssartarene <2000V 
LODIC LOW LEWC CV Al: hase edhscetcccccemicavcieritbvcessstmnetrosanensane OV to 0.8V 
LORiG THAN COVOl (Y BEA) 508 secocsasasusscrescnaigatscnom 2.4V to *VSUPPLY 
Bae a Ce IG CNN IDS cic cana cadjug saxaaactscatenvianainaerckelayapenincaes 8mA 


TABLE 1. D.C. ELECTRICAL PERFORMANCE CHARACTERISITICS 
Devices Tested at *VsyppLy = *+15V, -VSUPPLY =-15V, VEN = 2.4V, Unless Otherwise Specified. 


D.C. PARAMETERS 


Input Leakage Current 


SYMBOL 


Measure Inputs Sequentially, 


Leakage Current Into 
the Source Terminal of 
an“OFF” Switch 


Leakage Current Into 
the Drain Terminal of 
an “OFF” Switch 


+ID(OFF) Vp = +10V, Ven = 0.8V 


Vp = -10V, Ven = 0.8V 


Leakage Current From 
an “ON” Driver Into 
the Switch (Drain) 


Vs = Vp =*10V 


Vs = Vp = -10V 


Switch “ON” 
Resistance 


+Rps1 Vs = 10V 
Ip = imA 


Logic Level Voltage 


Connect All Unused Inputs to GND 


3 
All Unused Inputs = -10V 2; 
All Unused Inputs = +10V 2,4 +125°9C, -55°C 
1 
All Unused Inputs = -10V HI-506/883 
H1-507/883 


All Unused Inputs = +10V HI-506/883 
H1-507/883 


All Unused Inputs = -10V_ HI-506/883 
HI-507/883 


All Unused Inputs = +10V HI-506/883 
HI-507/883 


Positive Supply I(+) Va = OV, VEN = 2.4V 1,2,3 
Current 
peer ee 
Supply Current 
Supply Current 


VAL Note 1 1.23 +250C, +1250C, 
-55°C 


-55°C 
-55°C 


7 | ee ae) to ome 
A A (OE NN BT EST Pa Fa 
380, 6506-50 | 50 [nA 
ea AE ESS NST RETO 4 
vA 
nA 
mA 
+1250C, -55°C 
+259C, +125°C, 3.0 mA 
+259C, +125°9C, -1.0 mA 
+2590C, +125°9C, 3.0 mA 


-55°C 
+259C, +1259C, 
-55°C 
+25°C 
+1250C, -559C 
+25°C 
+1250C, -559C 


-1. 


El 
= 
> 


1,:2,.3 

42.3 

1.208 
1 


300 
3 


ul: 


+250C, +125°C, 
-559C 


2.4 


So 
oO 


ink 
XN 
Le) 


NOTE 1. Use for forcing conditions for all DC tests unless otherwise specified. 


These devices are sensitive to electrostatic discharge. Proper IC handling procedures should be followed. 
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CMOS ANALOG 


MULTIPLEXERS 


HI-506/883 HI-507/883 


TABLE 2. A.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 
Devices Tested at *VsyppLy =+15V, -VsyuppLy =-15V, VEN =2.4V, Unless Otherwise Specified. 


A.C. PARAMETERS | SYMBOL CONDITIONS SUBGROUP 
Break-Before-Make R_ = 2000, Cy = 12.5pF 
Time Delay 


Propagation Delay ta Ry_ = 10MO, Ci = 14pF 


Times: 10, 11 +1250C, -550C 
Address Inputs 
to I/O Channel 
Times 
Enable to I/O toN(EN) } RL=2000,CL=125pF | 9 | 
tOFF(EN) Ri = 2000, Cy = 12.5pF 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


Characterized at *VSUuPpLy =+15V, -VsUPPLY =-15V, VEN = 2.4V, Unless Otherwise Specified. 


Capacitance: 
Address Input 


Capacitance: 
Output Switch 


V+ =V- =0V 
f = 1MHz 


VEN = 0.8V, Ri = 1k, 
CL = 15pF, Vs = 7VRMS, 
f = 100kHz 


NOTE 2. The parameters listed in this table are controlled via design or process parameters and are not directly tested. These parameters are 
characterized upon initial design release and upon design changes which would affect these characteristics. 
3. Worst case isolation occurs on channel 8B due to proximity of the Output pins. 


TABLE 4. ELECTRICAL TEST REQUIREMENTS 


MIL-STD-883 TEST REQUIREMENTS SUBGROUPS (SEE TABLES 1, 2 & 3) 


*PDA applies to Subgroup 1 only. No other subgroups are included in PDA. 
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Test Circuits 
INPUT LEAKAGE CURRENT 


V+ GND V- 
* 


VAL = 0.8V; Van = 2.4V 
UNUSED INPUTS TO 
GROUND 


TRUTH TABLE 
VAL = 0.8V 
Van = 2.4V 


TRUTH TABLE 
VAL = 0.8V 
VAH = 2.4V 


HI-506/883 HI-507/883 


ID(OFF) 


V+ GND V- 


SUPPLY CURRENTS 


5-7 


IS(OFF) 


e ‘'s(OFF) 


CHn 


TRUTH TABLE 
VAL = 0.8V 
VAH = 2.4V 


CHARGE TRANSFER ERROR 


OFF CHANNEL ISOLATION 


GND V- 
O O 


(1) INCLUDES ALL FACTORS AND 
SCOPE OR VOLTMETER 
CAPACITANCE 


CMOS ANALOG 


MULTIPLEXERS 


Switching Waveforms 


3.5V 


AGDRESS 
OV DRIVE (Va) 


3.5V ADDRESS 
DRIVE (Va) 


| — Ov 
| 
| 
OUTPUT 
| 
| 90% 
-10V 

| | 

1 

| 

| 


| 
| 


3.5V 


ENABLE DRIVE 
xf — — — 
| 


ov 


HI-506/883 HI-507/883 


BREAK-BEFORE-MAKE BREAK-BEFORE-MAKE 
DELAY (topeN) DELAY (topEN) 


BREAK-BEFORE-MAKE 
DELAY (topen) 


*SIMILAR CONNECTION FOR HI-507/883 


ACCESS TIME vs. ACCESS TIME 
LOGIC LEVEL (HIGH) 


clea tcilinulsgabeaaee 
See ee) ae | 
bee ew pd 
re ema et 
LORE Cee 


*SIMILAR CONNECTION FOR HI-507/883 200ns/DIV. 
ENABLE DELAY ENABLE DELAY 
tON(EN): tOFF(EN) tON(EN): tOFF(EN) 


‘o BEERESEEEE 
Fes et ce | 4 


sia SE mma 


*SIMILAR CONNECTION FOR Hi-507/883 — 
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HI-506/883 HI-507/883 


Burn-In Circuits 


HI-506/883 HI-507/883_ CERAMIC DIP 


NOTES: 

R1, R2 = 10kN + 5% 1/2 or 1/4W (per socket) 
C1, C2 = .01yF (per socket) or 0.1uF (per row) 
D1, D2 = IN4002 (or equivalent) (per board) 


H1-506/883_ HI-507/883 CERAMIC LCC 


MULTIPLEXERS 


CMOS ANALOG 


IN 16/88 NC NC/OUTB +V 
IN 15/78 


IN 6/6A 


IN 5/5A 


IN 4/44 


NOTES: 

R1, R2 = 10kN + 5% 1/2 or 1/4W (per socket) 
C1, C2 = .01uF (per socket) or 0.1uF (per row) 
D1, D2 = IN4002 (or equivalent) (per board) 
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HI-506/883 HI-507/883 


Schematic Diagrams 


ADDRESS DECODER 


TO P-CHANNEL 
DEVICE OF 
THE SWITCH 
TO N-CHANNEL 


DEVICE OF 
THE SWITCH 


A2 OR A2 


A3 OR A3 (506 only) 


ENABLE 


v- 
ADDRESS INPUT BUFFER LEVER SHIFTER 


All N-Channel Bodies to V- 
All P-Channel Bodies to V+ 
Unless Otherwise Indicated 


MULTIPLEX SWITCH 


FROM DECODER 


FROM DECODER 
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HI-506/883 HI-507/883 


Die Characteristics 


DIE DIMENSIONS: 82 x 129 x 19 mils TRANSISTOR COUNT: 
METALLIZATION H1-506/883 421 
Type: Al HI-507/883 421 
Thickness: 16kA + 2kA PROCESS: CMOS-DI 
GLASSIVATION DIE ATTACH 
Type: Nitride Material: Gold Silicon Eutectic Alloy 
Thick : 7kA + 0.7kA Temperature: Ceramic DIP — 460°C (Max) 
WORST CASE CURRENT DENSITY: 1.4 x 105 A/cm2 Ceramic LCC — 420°C (Max) 


Metallization Mask Layout 


HI-506/883 
; EN Ap At Az A 


nf 8 


air: 


a ae 


ee 


4 5) aT! 


HARRIS 


CMOS ANALOG 
MULTIPLEXERS 


IN 11 
eet : ry 
ay, eas i Z ~ IN14 ING 


IN 15 


IN16 INE 
i | 


NOTE: Pad Numbers Correspond to DIP Pin Numbers Only 


HI-506/883 HI-507/883 


Packaging'* 
28 PIN CERAMIC DIP 
1.440 
1.470 150 
.005 MIN =} 180 
225 MAX 
° ae i 
2015 J 150 MIN 
.060 
125 al 098 MAX 
180 r 100 
ae BSC 
.023 
.050* 
.065 


515. 
05 


ale 


~~/; 


.008 * 
015 


* INCREASE MAX LIMIT BY .003 INCHES 


MEASURED AT CENTER OF FLAT FOR 
SOLDER FINISH 


LEAD MATERIAL: Type B 
LEAD FINISH: Type A 
PACKAGE MATERIAL: Ceramic, 90% Alumina 
PACKAGE SEAL: 
Material: Glass Frit 
Temperature: 450°C + 10°C 
Method: Furnace Seal 


28 PAD CERAMIC LCC 


INTERNAL LEAD WIRE: 


Material: Aluminum 
Diameter: 1.25 Mil 
Bonding Method: Ultrasonic 


COMPLIANT OUTLINE: 38510 D-10 


PAD MATERIAL: Type C 
PAD FINISH: Type A 
FINISH DIMENSION: Type A 
PACKAGE MATERIAL: Multilayer Ceramic, 90% Alumina 
PACKAGE SEAL: 
Material: Gold/Tin (80/20) 
Temperature: 320°C + 10°C 
Method: Furnace Braze 


NOTE: All Dimensions are id , Dimensions are in inches. 


INTERNAL LEAD WIRE: 

Material: Aluminum 

Diameter: 1.25 Mil 

Bonding Method: Ultrasonic 
COMPLIANT OUTLINE: 38510 C-4 


t Mil-M-38510 Compliant Materials, Finishes, and Dimensions. 


GG HARRIS 


HI-506 
HI-507 


DESIGN INFORMATION Single 16/Differential 8 Channel 
CMOS Analog Multiplexer 


The information contained in this section has been developed through characterization by Harris Semiconductor and is 
for use as application and design data only. No guarantee is implied. 


Typical Performance Characteristics Unless Otherwise Specified: Ta = 25°C, VsupPLy = +15V, 
VAH = *2.4V, VAL = 0.8V. 


ON RESISTANCE vs. LEAKAGE CURRENT vs. TEMPERATURE 
ANALOG INPUT VOLTAGE, TEMPERATURE 


OFF OUTPUT 


LEAKAGE iptorF) > SS 

Bia SS SI a na 

cco pid a 

i ec 
-10 


sa ANALOG eat byortel 


F inion) 
N LEAKA’ 


ON RESISTANCE (OHMS) 


NY 


LEAKAGE CURRENT 


Fi 
KAGE CURRENT 
OFF) 


KS 


OF 
LEA 
Is( 


TEMPERATURE (°C) 


ON CHANNEL CURRENT vs. VOLTAGE SUPPLY CURRENT vs. TOGGLE FREQUENCY 


me fe | / 
BMiks. oii aul mane x 


MULTIPLEXERS 


CMOS ANALOG 


+1 — SUPPLY CURRENT (mA) 


+1 — SWITCH CURRENT (mA) 


TOGGLE FREQUENCY (Hz) 
Vin — VOLTAGE ACROSS SWITCH 


LOGIC THRESHOLD vs. POWER SUPPLY CURRENT vs. OFF ISOLATION vs. 
POWER SUPPLY VOLTAGE TEMPERATURE FREQUENCY 


GI! | || 
NSE |! A A III 
a || || | 
ah SAN | 
CN Sat 
eat Ne || 
a th Ce | 
a | | 
AL dbl || een 
CLOAD=15pF Vs =7VRMS 


0 
+6 +8 +16-.+12 +14. +16: 218 £20 -55 -35 -15 -5 25 45 65 85 105 125 105 106 
POWER SUPPLY VOLTAGE (VOLTS) TEMPERATURE (°C) FREQUENCY (Hz) 


INPUT LOGIC THRESHOLD (VOLTS) 
+ POWER SUPPLY CURRENT (mA) 
(Vs) 4B 

(Vp) OFF ISOLATION (dB) 


HI-508/883 
HI-509/883 


Single 8/Differential 4 Channel 
CMOS Analog Multiplexer 


Gg? HARRIS 


January 1989 


Features Description 


e This Circuit is Processed in Accordance to Mil-Std- These monolithic CMOS multiplexers each include an 
883 and is Fully Conformant Under the Provisions of array of eight analog switches, a digital decode circuit for 
Paragraph 1.2.1. channel selection, a voltage reference for logic thresh- 

© Low On Resistance (MaX.) ......ssssssssssssssssssessssseeesees 4009 olds, and an ENABLE input for device selection when 


Wide Analog Signal Range several multiplexers are present. 


© TTL/CMOS Compatible............::sssssse 2.4V (Logic “1”) | The Dielectric Isolation (D!) process used in fabrication of 
@ Access Time (MaX.) ...sccssssscsssessssessessssessssssesensseees 1000ns_— these devices eliminates the problem of latch-up. Also, DI 
offers much lower substrate leakage and parasitic capac- 
44V Maximum Power Supply itance than conventional junction-isolated CMOS. 
Break-Before-Make Switching Switches are guaranteed to break-before-make, so that 
No Latch-up two channels are never shorted together. The switching 
Replaces DG508A/DG508AA and DG509A/DG509AA threshold for each digital input is established by an inter- 
nal +5V reference, providing a guaranteed minimum 2.4V 
for logic “1” and Maximum 0.8V for logic “0”. This allows 
direct interface without pull-up resistors to signals from 
most logic families: CMOS, TTL, DTL and some PMOS. 
For protection against transient overvoltage, the digital 
inputs include a series 2002 resistor and a diode clamp to 
each supply. The HI-508/883 is an eight channel single- 
ended multiplexer, and the HI-509/883 is a four channel 
differential version. If input overvoltage protection is 
needed, the HI-548/883 and HI-549/883 multiplexers are 
recommended. For further information, see Application 
Notes 520 and 521. 


Applications 


Data Acquisition Systems 
Precision Instrumentation 
Demultiplexing 
Selector Switch 


Pinouts H11-508/883 (CERAMIC DIP) HI1-509/883 (CERAMIC DIP) 
TOP VIEW TOP VIEW 


Ao Aj 
ENABLE A2 
-VSUPPLY GND 
IN 1 +VSUPPLY 
IN 2 IN 5 
IN3 ING 
IN 4 IN7 


AQ 
ENABLE 
-VSUPPLY 
IN 1A 

IN 2A 

IN 3A 

IN 4A 


Aj 

GND 
+VSUPPLY 
IN 1B 

IN 2B 

IN 3B 

IN 4B 


OUT INS OUTA OUT-B 


H14-509/883 (CERAMIC LCC) 
TOP VIEW 


H14-508/883 (CERAMIC LCC) 


ENABLE 
ENABLE 


ro7 
iw 
7 
cro 
iw 
a 


-VSUPPLY 18] GND -VSUPPLY (18 | +VsuPPLY 


IN1 (17 | +VSUPPLY IN1A IN 1B 


nc [6 NC nel 6 (16 | NC 


Functional Diagrams 


DECODER/ 
DRIVER 


*DIGITAL INPUT 
PROTECTION 


Ag A1 A2 EN 


HI-508/883 


DECODER/ 
DRIVER 


*DIGITAL INPUT 
PROTECTION 


HI-509/883 


HI-508/883 HI-509/883 


TRUTH TABLES 


Hi-508/883 


X X X L NONE 
L L = H 1 
i. L H H 2 
L H L H 3 
& H H H 4 
H L ‘ H 5 
H L H H 6 
H H L H 7 
H H H H 8 


CMOS ANALOG 
MULTIPLEXERS 


HI-509/883 


Specifications HI-508/883 HI-509/883 


Absolute Maximum Ratings 


Voltage Between Supply PINS..............cceeecseesseeeeseeeeeeeeeeeeeens 44V . JUNCHON-TEMDOTAIUIG .....055.. c0ccccenascsteeeaeomieitemntannse +175°9C 
FV RSNA ROOM oe. passe e an cic snoansostapheeststracdtidvassiapnaseyiuieaey 22V _—‘ Thermal Resistance, Junction-to-Case (6jc) 
Ey) a Bee 15 1 Sn cr an pC a re 22V CRF OC OUG ..oos caiacasencedaatitegiasen se lonyursnvngiesondske 219C/W 
Analog Input Voltage COBPANNIG Eis ACMA. 8s iss <a cope Fixed dhncatytasinsccacedectesees 20°C/W 
a doassc ee nae acs Aa AiG satus tgonssstuaneantinmengiieeenivaiseeeti +VSUPPLY t2V.—_— Thermal Resistance, Junction-to-Ambient (6ja) 
OR aa ia apc conn eats i Aa te isa -VSUPPLY -2V Ceramic: DIP Package sisvssccscscsssesereis:Btth. sd, btescetecepses 83°C/W 
Digital Input Voltage COPBIMIG ECG PAGO soon cxtinnnsncobes sesh essadversvaseasnascBaters 819C/W 
MOND, MAE aos Goes do yhcn du cvind seasoned sa iy canieascents +VSUPPLY t4V._—_— Power Dissipation (at 75°C) 
mad | ee, of ke ne an lee cr( ! ie -VSUPPLY -4V GSFaMiC DIP PACKAGE). «....-<04:..-2sfus-rsasnanasash- 2 Taranto 1.20W 
or 20mA, whichever occurs first. Corariic OC Pagan scissccsscdes Bessette seca s 1.23W 
Gontinuous: Garrressies OF Oe nok bsccate hobo kcavececahacsssncecchnsetess 20mA Power Dissipation Derating Factor (Above +75°C) 
Peak Current, S or D Ceramic: DIP PACK ae :cccostresciiectncceccicosccertietteed 12.0mW/°C 
(Pulsed at 1ms, 10% Duty Cycle Max.) ..........seeceeeesees 40mA Caramic LCC. Pat ican. racecccseccteceedicsnsctscidessstivas 12.3mW/°C 
Storage Temperature Range ............c:cceeeeeeeeee epee 210: F1S0PC -= ESD: Ola aBINC AON. cieo sibs ca asdssauencaostad nsacbosscescocebaesacssageios <2000V 
Lead Temperature (Soldering 10 Seconds)...............: ee 275°C 
Recommended Operating Conditions 
Operating Temperature Rangé................::cccee -§59C;to +125°C 3 Logic Low Level (VAs ) a. .iscsesbeccet ressncgesesocess peterennoengsstschs OV to 0.8V 
Operating Supply Voltage (EVSUPPLY) .......::eeeeeseeesseeeeees £15V Logic High Level (Vgqy).2...-cos5-....:8........5002 2.4V to *VSUPPLY 
Analog ipl VONAGE OVS) os. circa fencetezenticesesesceeeodenuss EVSuUPPLY. —-Max BMS Current, SS Ore ie siilaaas co Gece nsenccipeecbnenteannecapstensagerss 8mA 
TABLE 1. D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 


Devices Tested at +VsyppLy =+15V, -VSuPPLY =-15V, VEN = 2.4V, Unless Otherwise Specified. 


D.C. PARAMETERS 


Input Leakage Current 


Measure Inputs Sequentially, 
Connect All Unused Inputs to GND 


ie 


Leakage Current Into 
the Source Terminal of 
an“OFF” Switch 


All Unused Inputs = -10V 


Leakage Current Into 
the Drain Terminal of 
an “OFF” Switch 


-ID(OFF) Vp =-10V, Ven = 0.8V 


Leakage Current From 
an “ON” Driver Into 
the Switch (Drain) 


Vs = Vp = +10V 


Switch “ON” +Rps1 Vs = 10V 
Resistance Ip = 1mA 
Vs =-10V 
Ip =-1mA 


GROUP A 
SYMBOL CONDITIONS SUBGROUPS | TEMPERATURE | MIN. | MAX | UNITS 
eS RE TE, NTE SE SS es Ss TE GLE AE LES ES A LET IES EIR OIE ETE. NEG COE IEE A ET ET AS RR ARE 2 TTS 9 ES ES 
1H 


Vg = +10V, Vp = -10V, Ven = 0.8V 


TS(OFF) | V5 =-10V, Vp = *10V, Ven =08V “70 
All Unused Inputs = +10V +1259C, -55°C +5 

*ID (OFF) Vp =+10V, Ven = 0.8V + 

All Unused Inputs =-10V HI-508/883 

HI-509/883 


All Unused Inputs = +10V HI-508/883 
HI-509/883 


All Unused Inputs = -10V HI-508/883 
HI-509/883 


-ID(ON) Vs = Vp =-10V 
All Unused Inputs = +10V HI-508/883 
H1-509/883 


LIMITS 


i ap es +259C, +1259C -1.0 1 LA 
-55°C 
: ; ae: oc 


-559C 


[2.3 [ s1280c, -2506_| -s0_| 50 na 


[10 [nA 
[50 [50 
| +1250C, -55°C | -200 | +200 | nA 
nA 
Ss a Pe ee SS 


+200 
+100 


1 


A 


ok —A 
oO 
=| 


+ 
eee SE 
712506, 650 | -200 | 
nA 
cee Se 

+125°C, -55°C - 

+125°9C, -55°C -100 


+259C, +1259C, m 
-55°C 


+259C, +1259C, 
-55°C 

+25°9C, +125°9C, 
-55°C 


Pa 
: ee 
ae Be ee es 
a a 
ere 


NOTE 1. Used for forcing conditions for all DC tests unless otherwise specified. 


CAUTION: These devices are sensitive to electrostatic discharge. Proper IC handling procedures should be followed. 
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H1I-508/883 HI-509/883 


TABLE 2. A.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 


Devices Tested at *VSUPPLY = +15V, -VSUPPLY =-15V, VEN = 2.4V, Unless Otherwise oa 


urs 
A.C. PARAMETERS | SYMBOL CONDITIONS SUBGROUP} TEMP | MIN | MAX | UNITS 
SEES TRE ED Es EAS i RNS CST AR AG ESSE IEA SRN ELI SS SR EM TE) SREY “TORR SN TTI RK yt 


Aa rahe ee 


| 9 | asec | | 500 |_s__ 
9 | _+280c | | 500 | ns __ 
10, 11 +1250C, -550C ee 1000 eee 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


Break-Before-Make 
Time Delay 


Propagation Delay 
Times: 

Address Inputs to 
1/O Channel Times 


Enable to I/O tON(EN Ri = 200, Cy = 12.5pF 
ON(EN) L 


tOFF(EN) Ri = 2000, Cy = 12.5pF 


Characterized at *VSUPPLY = +15V, -VSUPPLY =-15V, VEN = 2.4V, Unless Otherwise Specified. 


| tims | 
PARAMETER SYMBOL CONDITIONS 


Capacitance: V+=V-=0V 
Address Input f = 1MHz 


Capacitance: V+=V-=0V_~ HI-508/883 
Output Switch f = 1MHz Hi-s09/883/ 2 


MULTIPLEXERS 


CMOS ANALOG 


Capacitance Cis V+=V-=0V 
Input Switch f = 1MHz 
Charge Transfer VCTE Vs = GND +259C 
Error VGEN = OV to 5V 
Off Channel VEN = 0.8V, Ru = 1kO 2,3 +259C 
Isolation | CL =15pF, Vs = 7VRmMsS 

f = 100kHz 


NOTE 2. The parameters listed in this table are controlled via design or process parameters and are not directly tested. These parameters are 
characterized upon initial design release and upon design changes which would affect these characteristics. 
3. Worst case isolation occurs on channel 4 due to proximity of the output pins. 


TABLE 4. ELECTRICAL TEST REQUIREMENTS 


MIL-STD-883 TEST REQUIREMENTS SUBGROUPS (SEE TABLES 1, 2 & 3) 


1, 2; 3,050; 19 


Group A Test Requirements 1,2, 3:9, 10; F1 


“PDA applies to Subgroup 1 only. No other subgroups are included in PDA. 


CAUTION: These devices are sensitive to electrostatic discharge. Proper IC handling procedures should be followed. 
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HI-508/883 HI-509/883 


Test Circuits 


INPUT LEAKAGE CURRENT 
V+ GND V- 
e O) e 


ID(OFF) 


V+ GND V- 


IS(OFF) 


e ‘'s(OFF) 


CHn 


VAL = 0.8V; VaH = 2.4V 
UNUSED INPUTS TO a ae 
GROUND i 


VAH = 24V 


SUPPLY CURRENTS 


CHARGE TRANSFER ERROR 


TRUTH TABLE 
VAL = 0.8V 
VAH = 2.4V 


a VEN = 2.4V 
Va = Ov VEN =0V 


Rps 


V+ GND v- 
VM O 


(1) INCLUDES ALL FACTORS AND 
SCOPE OR VOLTMETER 
CAPACITANCE 


TRUTH TABLE 
VAL = 0.8V 
VAH = 2.4V 


Switching Waveforms 


ADDRESS DRIVE 


3.5V 


ADDRESS 
ov DRIVE (Va) 


OUTPUT 


50% 50% 


3.5V ADDRESS 


ENABLE DRIVE 


90% OUTPUT 
| | 
| l 90% 
| 


—* tON(EN) fe— | tore | 


HI-508/883 HI-509/883 


BREAK-BEFORE-MAKE BREAK-BEFORE-MAKE 
DELAY (topEeN) DELAY (topEN) 
+15V 


Pech a 
Va INPUT me ae 
BiewmMeS SE 


1V/DIV. ~ 


OREO 
He a Ye 
| Te i 


*SIMILAR CONNECTION FOR HI- 509/883 100ns/DIV 


ACCESS TIME ACCESS TIME 


Va INPUT 


2V/DIV. OW 
oa 
_j Ul 
Os" 3 if 
+10V prope 3 x 
& “qT w” = 
Pie E 
| | oe 

| \ 

| 

a \ 200ns/DIV 
te es et 
*SIMILAR CONNECTION FOR HI- 509/883 
ENABLE DELAY ENABLE DELAY 
tON(EN): tOFF(EN) tON(EN): ‘OF F(EN) 


= 100ns/DIV 
*SIMILAR CONNECTION FOR HI- 509/883 


HI-508/883 HI-509/883 


Burn-In Circuits 


HI-508/883 CERAMIC DIP 


NOTES: 

R1 = 10k + 5%, 1/2 or 1/4W (per socket) 

C1, C2 = .01uF (per socket) or 0.1uF (per row) 
D1, D2 = IN4002 (or equivalent) (per board) 


HI-509/883 CERAMIC DIP 


NOTES: 

R1, R2 = 10kN + 5%, 1/2 or 1/4W (per socket) 
C1, C2 = .01uF (per socket) or 0.1uF (per row) 
D1, D2 = IN4002 (or equivalent) (per board) 


HI-508/883 LCC 


EN AO NC Ai A2 


NOTES: 

R1 = 10kN + 5%, 1/2 or 1/4W (per socket) 

C1, C2 = .01uF (per socket) or 0.1uF (per row) 
D1, D2 = IN4002 (or equivalent) (per board) 


HI-509/883 LCC 


-15VO 


NOTES: 

R1, R2 = 10k. + 5%, 1/2 or 1/4W (per socket) 
C1, C2 = .01uF (per socket) or 0.1uF (per row) 
D1, D2 = IN4002 (or equivalent) (per board) 
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H!I-508/883 HI-509/883 


Schematic Diagrams 


ADDRESS DECODER 


TO P-CHAN. 
DEVICE OF 
THE SWITCH 


TO N-CHAN. 
DEVICE OF 
THE SWITCH 


A2 OR A2 (508 ONLY) 


ENABLE 


ADDRESS INPUT BUFFER LEVER SHIFTER 


CMOS ANALOG 
MULTIPLEXERS 


All N-Channel Bodies to V- 
All P-Channel Bodies to V+ 
Unless Otherwise Indicated 


TTL REFERENCE CIRCUIT MULTIPLEX SWITCH 


FROM DECODE 


FROM DECODE 


HI-508/883 HI-509/883 


Die Characteristics 


DIE DIMENSIONS: 81.9 x 90.2 x 19 mil TRANSISTOR COUNT: 
METALLIZATION H1-508/883 243 
Type: Al HI-509/883 243 
Thickness: 16kA + 2kA PROCESS: CMOS-DI 
GLASSIVATION DIE ATTACH 
Type: Nitride Material: Gold Silicon Eutectic Alloy 
Thickness: 7kA + 0.7kA Temperature: Ceramic DIP — 460°C (Max) 
WORST CASE CURRENT DENSITY: 1.4 x 10° A/cm2 Ceramic LCC — 420°C (Max) 


Metallization Mask Layout 


H1-508/883 HI-509/883 


GND . 
14 

anh |S 

as 

Pot 


a 


rel lie 


a 


(i 


I! 
0 
= 


fi ue am IN1B 
tiie || 2) 
le & 


P |e Aes 8 

A 9 | 11 
" 44 

OUTB IN4B __IN3B 


=! P 

4} 
ese ! 
LC = 

Se ee 


OUTPUT 


NOTE: Pad Numbers Correspond to DIP Pin Numbers Only. 


HI-508/883 HI-509/883 


Packaging 
16 PIN CERAMIC DIP 
.005 MIN 
.200 MAX 
.015 
060 
O° 
125 1S 
.180 
* INCREASE MAX LIMIT BY .003 INCHES 
MEASURED AT CENTER OF FLAT FOR 
SOLDER FINISH 
LEAD MATERIAL: Type B INTERNAL LEAD WIRE 
LEAD FINISH: Type A Material: Aluminum 
PACKAGE MATERIAL: Ceramic, 90% Alumina Diameter: 1.25 Mil 
PACKAGE SEAL Bonding Method: Ultrasonic 
tite ins etl COMPLIANT OUTLINE: 38510 D-2 
Temperature: 450°C + 10°C 
Method: Furnace Seal 
a4 
75 
20 PAD CERAMIC LCC Za 
003 075 OF 
Bo 33 
of 
006 
022 
oe) 
342 cD 
.022 342 
028 : .358 re 
.045 
055 
PAD MATERIAL: Type C INTERNAL LEAD WIRE 
PAD FINISH: Type A Material: Aluminum 
FINISH DIMENSION: Type A Diameter: 1.25 Mil 
PACKAGE MATERIAL: Multilayer Ceramic, 90% Alumina Bonding Method: Ultrasonic 
PACKAGE SEAL COMPLIANT OUTLINE: 38510 C-2 
Material: Gold/Tin (80/20) 
Temperature: 320°C + 10°C 
Method: Furnace Braze 
NOTE: All Dimensions are — . Dimensions are in inches. + MIL-M-38510 Compliant Materials, Finishes & Dimensions. 
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(a) HARRIS _— 


DESIGN INFORMATION Single 8/Differential 4 Channel 
CMOS Analog Multiplexer 


The information contained in this section has been developed through characterization by Harris Semiconductor and is 
for use as application and design data only. No guarantee is implied. 


Typical Performance Characteristics Unless Otherwise Specified: Ta = 25°C, VSUPPLY = +15V, 
VAH = +2.4V, VAL = 0.8V 


ON RESISTANCE vs. LEAKAGE CURRENT vs. TEMPERATURE 


ANALOG INPUT VOLTAGE, TEMPERATURE 
100nA 


OFF OUTPUT 


LEAKAGE sin 
Ip(OFF) > NS 


10nA 


Ip(ON) 


1nA 


ON RESISTANCE (OHMS) 


- 
4 
wi 
c 
c 
— 
oO 
wi 
oOo 
=< 
=< 
=< 
ui 
wd 


ee 
ee 
I es ae ona Le a Sao fo = 
EP Qecy esses Ere a 
bas Spec Ra nee La Da oa - at 
0 Re Pb OFF INPUT 
es ae Ee ae al 
Ig(OFF) 
oe ANALOG ocak (VOLTS) 100pA : 


TEMPERATURE (°C) 


ON CHANNEL CURRENT vs. VOLTAGE SUPPLY CURRENT vs. TOGGLE FREQUENCY 


ais 


Z z 
£ E VsuPPLY =+15V 

= 4 

z z : 
oc c 

S 3 4 

o > 

Fa = VsupPLy =+10V 

= s 

= a 

“a | 

fi = (SS SS eae ee 

i ae aa 

0 Se 
1K 10K 100K 1M 10M 
Vin — VOLTAGE ACROSS SWITCH TOGGLE FREQUENCY (Hz) 
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i HARRIS 


Hi-516/883 


16 Channel/Differential 8 Channel 


June 1988 CMOS High Speed Analog Multiplexer 


Features 


e This Circuit is Processed in Accordance to Mil-Std- 
883 and is Fully Conformant Under the Provisions of 
Paragraph 1.2.1. 


e Access Time (Max. Over Temp.) .............- 225ns 
ID(OFF) 100nA 
e Single Ended to Differential Selectable (SDS)* 

¢ TTL/CMOS Compatible (LLS) t 


e Low Leakage (Max. Over Temp.) 


Applications 
e Data Acquisition Systems 
e Telemetry 


e Industrial Control 


Pinouts 


HI1-516/883 (CERAMIC DIP) 
TOP VIEW 


IN 16/8B| 4 | 
IN 15/7B] 5 | 
IN 14/6B] 6 | 
IN 13/ 5B 


Vpp/LLS 


tT LLS = Logic Level Select (TTL Compatible with Vpp/LLS Pin = Ground or 
Open, CMOS Compatible when Vpp/LLS Pin = Vpp) 


+ SDS = Single Ended/Differential Select (Multiplexer is in Differential Mode 
when A3/SDS Pin = -Vsupp_y) 


Description 


The HI-516/883 is a monolithic dielectrically isolated, high 
speed, high performance CMOS analog multiplexer. It 
offers unique built-in channel selection decoding plus an 
inhibit input for disabling all channels. The dual function of 
address input Ag enables the HI-516/883 to be user 
programmed either as a _ single ended 16-channel 
multiplexer by connecting ‘OUT A’ to ‘OUT B’ and using Ag 
as a digital address input, or as a 8-channel differential 
multiplexer by connecting Ag3 to the -VsupPpLy. The 
substrate leakages and parasitic capacitances are reduced 
substantially by using the Harris dielectric isolation process 
to achieve optimum performance in both high and low level 
signal applications. The low output leakage current 
(ID(OFF) < 100nA over temperature) of the device makes it 
an ideal choice for high speed data acquisition systems, 
precision instrumentation, and industrial process control. 


HI4-516/883 (CERAMIC LCC) 
TOP VIEW 


IN 16 /8B 


IN 15/7B 
IN 14/6B 
IN 13 /5B 
IN 12 /4B 
IN 11 /3B 
IN 10 /2B 
IN9/1B 


IN7/7A 
IN6/6A 
IN5/5A 
IN4/4A 
IN3/3A 
IN2/2A 
IN1/1A 


ior 3 Cet oan sneer ah 
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MULTIPLEXERS 


CMOS ANALOG 


HI-516/883 


Functional Diagram 


Vpp/LLS 

-p------ —--—-—-+----— IN” 

! HH F 
se | ‘4 OUTA 
* tt a Rec 
‘is CODER HIN 8A 
A2 | 
HH dee 7 

hie | | 

| >: 

l DE- | lin 4B 

CODE | 

| te | 

| OUT B 

| DE- | 

. CODER > 8B 

| | 

| at 

| 

| 
ae. ey 2 ere eee Pid Se 
INPUT BUFFER AND DECODERS MULTIPLEXER 


SWITCHES 


Truth Tables 


HI-516/883 USED AS DIFFERENTIAL 8-CHANNEL 
HI-516/883 USED AS 16-CHANNEL MULTIPLEXER* MULTIPLEXER 


USE A3 AS DIGITAL A3 CONNECTED TO 
ADDRESS INPUT ON CHANNEL TO -VSUPPLY ON CHANNEL E= 


enaste |as_| az | ar_| ao | ourajoure | jenasue | ar | ar_| ao | oura [ours | 


a 


Gaeedeele 
PEPPER 
AEE 
ee 


—_ 


rs € olNial|a wr 
2 PLP P| Yr] P| rl >i > 


wo 
> 


[None _| 
pase 
bea | 
38 | 
pe | 
[5 
pee 
pe 


- 


12) 
@ 


* For 16-Channel single-ended function, tie “Out A” to “Out B”, for dual 
channel function use the Ag address pin to select between MUX A 
and MUX B, where MUX A is selected with Ag low. 
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Specifications HI-516/883 


Absolute Maximum Ratings 


Voltage Between SUPDPIY PINS....c..082.. Lees teeters 33V Lead Temperature (Soldering 10 Seconds)................0 2750C 
SCP igOt SF Hea CAC OUR soose a irsistancs sinsinnisncsdnuntnarameeained 1G.5V ~ JUNCTION TOMPCLAtULes:.....c.csecsssssccceisnsrsersentscisensacensnsrsneens +1759C 
-VSUPPLY tO Ground yim. QM AES. at ga LAB eed 16.5V. ‘Thermal Resistance, Junction-to-Case (6jc) 
Analog Input Voltage Ceramic DIP Package odee sone seas sisodiuiasesieine dbecices Sundaes asig ee wehnn 189C/W 
Led ee Oe a +VSUPPLY *2V SG LCC ee BG Jeccsarses seccapenapectaten pemntmuiasniae 40°C/W 
SN ie 8s OEE ocildvechexenicivinastiee anenetinenen -VSUPPLY -2V Thermal Resistance, Junction-to-Ambient (6ja) 
Digital Input Voltage Ceramic DIP PRCA Seisscssicicccivcxettosdacecssisssarsevasatenness 50°C/W 
TTL Levels Selected (Vpp/LLS Pin = GND or Open) Cepeantic LGC ak aGG. 05202205. Rissed consti dutsnetetents 819C/W 
rn Re BAR as AE PRG Orion tet es ev a Co oft ow +6V Power Dissipation (at 75°C) 
REED ROR Patent Re ME VONNTT THE IOUS Dt MTSE TOONS -6V Ceramic DIP Package ......... sees esses ressseseesseenesens 2.0W 
ES ac SR Ae ld Aaa a +VSyPPLy +2V OFAC UCC PROG ociasscsasersniascancobinnsnnasnasussacrdnisastell 1.23W 
ARPS IRTNG GS sb eth ensstaeiansnivensonsiccod sd betel secaitans -VsyppLy -2V _ Power Dissipation Derating Factor (Above +75°C) 
CMOS Levels Selected (Vpp/LLS Pin = Vpp) Ceramic. DIP PaCKaGe triccicsiascts cadesinapesacecssesanaioneny 20.0mW/°C 
a oo usb iatheatiidle torslatttadconssosssnonsssose +VSUPPLY *2V Geraimnle LOC PACK age iaccccncersessssenseviachoavororvsecisnenies 12.3mW/°C 
Re Ed eee ee eee ere Sr ee -2V ESD Classification ....... cect ieee ieee eeeteeneeneeeenen S2000V 
Storage Temperature Range ..........cceeee cece -65°C to +150°C 
Recommended Operating Conditions 
Operating Temperature Rangeé...........:cceeeee H9C 1G FA259CO $3 (| LOGIC LOVELLOW AV Al \osccassscacseacnsaxersachoompostnonssnancesnivenns OV to 0.8V 
Operating Supply Voltage (LVSUPPLY) .....: eee cececeeeeseereeeees #£1IGV-—~ Logic Level High: (VAP) siiscccocesccesscccssncasaesneses 2.4V to *VSUPPLY 
ANGIOG TNDUEV ONAGEN (VS) oocctsscssaccecvassscosssoressasensvedeens VGC rep y—4 Max AMS Current, Sr OF Di rsccsciscscenscasssncosepvarontenseinvtnncsasanonniaters 8mA 


TABLE 1. D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 
Devices Tested at +VsyppLy =+15V, -VSUPPLY = -15V, VEN = 2.4V, Vpp/LLS = GND, VaH = 2.4V, VaL = 0.8V 


Unless Otherwise Specified. 
GROUP A LIMITS 
SUBGROUPS | TEMPERATURE | MIN | MAX | UNITS 


D.C. PARAMETERS SYMBOL 
Hy Measure Inputs Sequentially, 1,23 +250C,+125°C, -55°C -1.0 1.0 LA 
Connect All Unused Inputs to GND 


He Measure Inputs Sequentially, 1,.2:3 +259C,+1259C, -559C 25 uA 
Connect All Unused Inputs to +5V 


Input Leakage Current 


On 

oa 

Leakage Current Into *IS(OFF) Vg =+10V, Vp = -10V, Ven = 0.8V ee +259C,+1259C, -55°C -50 +50 nA ? wr 

the Source Terminal All Unused Inputs = -10V z ij 
“ » wi < 

= Ou 

All Unused Inputs = +10V => 

Leakage Current Into *ID(OFF Vp = +10V, Ven = 0.8V, Vg = -10V 12,8 C= 


the Drain Terminal 
of an “OFF” Switch 


All Unused Inputs = -10V 

-ID(OFF) Vp = -10V, Ven = 0.8V, Vg = +10V 123 ; 
All Unused Inputs = +10V 

+ID(ON) Vg = Vp = +10V 1,2,3 +250C,+125°C, -55°C -100 +100 nA 
All Unused Inputs = -10V 

-ID(ON) Vg =Vp =-10V 1,:2,.3 +250C,+1259C, -55°9C -100 +100 nA 
All Unused Inputs = +10V 

| 
-) 


Vg = OV, Vp = Open, Ven = 2.4V 
ihm 
( 


Leakage Current From 
an “ON” Driver Into 
the Switch (Drain) 


Positive Supply 
Current 


Sequence All Address Combinations, 
Record Highest I+ 


Negative Supply 
Current 


Vs = OV, Vp = Open, Ven = 2.4V 
Sequence All Address Combinations, 
Record Highest I- 
Va = 0.8V, Ven = 0.8V, Vg = OV, 
Vp = Open 
Va = 0.8V, Ven = 0.8V, Vg = OV, 
Vp = Open 


+ 


‘scale ini 


Standby Positive tIspy 
Supply Current 

Standby Negative -IsBY 
Supply Current 

Switch “ON” 
Resistance 


i) 
1o)) 


iene on 
[—-ac-5580 | — | 
= 
Bae 
=a 
aan 
= 


+*Rps1 Ve = *10¥ 
ID = 100A 
: 
| -_ 


-Rps1 Vs = -10V 
D = -100uA +4259C, -55°C 


) 
1293 
1743.3 
1 oe 
= 1 
2.3 
1 
2,3 
VaL(TTL) Vpp/LLS = GND sa ae +25°C,+1250C, -55°C 
VAH(TTL) | Vpp/LLS = GND +250C,+1250C, -55°C 
Va_(CMOS) | Vpp/LLS = +15V +250C,+1250C, -55°C 
VaH(CMOS) | Vpp/LLS = +15V +250C, +1250C, -55°C 


CAUTION: These devices are sensitive to electrostatic discharge. Proper IC handling procedures should be followed. 
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2 
ale 


25 
50 
50 
Logic Level Voltage 
5 


-25 
2.4 
4 

0.5 


HI-516/883 


TABLE 2. A.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 


Device Tested at +VSUuPPLy = +15V, -VsuPPLY = -15V, VEN = 2.4V, Vpp/LLS = GND, Vay = 2.4V, Var = 0.8V 
GROUP A 


Unless Otherwise Specified. 
LIMITS 
A.C. PARAMETERS | SYMBOL CONDITIONS SUBGROUPS | TEMPERATURE | MIN | MAX | UNITS 
a RL=8000,C,=125pF} 9 | +250 | 10] - | ns | 


Break-Before-Make 
Eee Bes eee Sa ae 


10, 11 +1259C, -55°C fies 


ee 
{ON(EN) | RL = 8002, CL = 12.5pF ue ee ee al 
| 1011 | +12s0c,-ss0c | = | 225 [ne 

ee ERs 


10, 11 +1250C, -55°C | 225 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


Time Delay 


Address Inputs 
to |1/O Channel 
Delay 
Enable to I/O 
Delay 


RL =10MQ, Cy = 12.5pF 


tA 


Device Characterized at +VSUuPPLY = +15V, -VsuPPLY = -15V, VEN = 2.4V, Vpp/LLS = GND, Vay = 2.4V, Vat = O.8V, 


Unless Otherwise Specified. 
PARAMETER SYMBOL CONDITIONS NOTES | TEMPERATURE | MIN | MAX | UNITS 
Address Input Ca V+=V-=0V 1 +25°9C 10 pF 
pao mall lnwed i esa he 
Output Switch Cos V+=V-=0V 1 +25°9C pF 
pacm ie Bod bore ee bei g Ces 
Input Switch Cis V+ =V-=0V 1 +25°9C 10 pF 
be een en eee cae ee 
Charge Transfer VCTE Vs = GND, Cy = 100pF 1 +25°C mV 
Off Channel ViSO VEN = 0.8V, RL = 1kQ 1 +25°C 
Isolation C_ = 40pF, Vs = 3Vpms 
f = 500kHz 
Break-Before-Make Ru = 8000, Cy = 12.5pF 1 -55°0C 
all Rises sicamaii de 208 Renal Bat bal Bae 


NOTE: 1. Parameters listed in Table 3 are controlled via design or process parameters and are not directly tested. These parameters are characterized upon 
initial design release and upon design changes which would affect these characteristics. 


TABLE 4. ELECTRICAL TEST REQUIREMENTS 


MIL-STD-883 TEST REQUIREMENTS SUBGROUPS (SEE TABLES 1, 2 & 3) 
Interim Electrical Parameters (Pre Burn-in) 1 


4 elie” A * Maa 50 ig 
1, 2, 3,9, 10, 11 
1 


*PDA applies to Subgroup 1 only. No other subgroups are included in PDA. 
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HI-516/883 


Test Circuits 
INPUT LEAKAGE CURRENT ID(OFF) IS(OFF) 


VAL = 0.8V; VAH= 2.4 
UNUSED INPUTS TO 
GROUND OR 5V 


TRUTH TABLE 
VAL = 0.8V 
VAH = 2.4V 


SUPPLY CURRENTS 


V+ GND v- 


VM 
R(ON) © 1p. 


Ip(ON) 


MULTIPLEXERS 


CMOS ANALOG 


SBY: 
Va, VEN = 0.8V 

Operational: 

VEN = 2.4V, Va = All 

Combinations are 

Sequenced 


TRUTH TABLE 
VAL = 0.8V 
VAH = 2.4V 


TRUTH TABLE 
VAL = 0.8V 
VAH = 2.4V 


CHARGE TANSFER ERROR OFF CHANNEL ISOLATION 


ae * Includes All Factors and Scope or 
Voltmeter Capacitance 
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HI-516/883 


Switching Waveforms 


ADDRESS DRIVE BREAK-BEFORE-MAKE BREAK-BEFORE-MAKE 
DELAY (topEn) DELAY (topEN) 
3.5V 
ADDRESS 
ov DRIVE (Va) 
ea SRS coca 
son f 50% Tae 
'V 1V/DIV. 
BL gore ea 


100ns/DIV 


ACCESS TIME ACCESS TIME 


3.5V ADDRESS 


iret tbe ET 
: Bias 

| | us Sanae 

+10V OUTPUT Baal 
era oa 

} -8V any BES ‘ei OUTPUT 

| | 
ace TAS 200ns/DIV 
ENABLE DRIVE ENABLE DELAY ENABLE DELAY 


tON(EN): tOFF(EN) tON(EN): tOFF(EN) 


90% OUTPUT A 
| | 
| | 90% 
| 


—+» ton(en) +— | tore! 
| L Pt yen). 14 


100ns/DIV 
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HI-516/883 


Burn-In Circuits 


HI-516/883 CERAMIC DIP 


+15V 


Dy 


IN 15/7B 
IN 14/6B 
IN 13/5B 
IN 12/48 
IN 11/3B 
IN 10/2B 
IN 9/1B 


14} A3/SDS 
-15V 


NOTES: 

Ry = Ro = 10k, +5%, 1/4 or 1/2W 

Cz = Co = 0.01uF (one per socket) or 0.1uF (one per row) 
D = Dg = IN4002 or equivalent (per board) 


On 

Hi-516/883 CERAMIC LCC ° 1 
+15V O O -15V 2 i} 

<a 

NE 

Ow 

\/ s5 

os 


D4 Cj C2 D2 
V V 
IN NC OUT +V OUT (-v) IN 
B A 8/8A 
ze! IN 7/7A ee 
ee IN 10/2B IN 2/2A ie 
IN 9/1B IN 1/10 
Vob/ A3/ 
GND LLS SDS Az Ay Ag EN 
ais is al 
iw vim 
NOTES: 
Ry = Ro = 10k, £5%, 1/2 or 1/4W (per socket) 0) +5V \/ 


Cz = Co = 0.01uF (one per socket) or 0.1uF (one per row) 
D = Do = IN4002 or equivalent (per board) 
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HI-516/883 


Schematic Diagrams 


ADDRESS/ENABLE INPUT BUFFER DECODE 
WO 
OFF 
CHAN 
ON 
ae JA ay 
V 
Va Ag OR Ap O Vip 
Ms reid seed Ra ee 
AL Ay OR AY 
A2 OR A2 
A30RA3 
VLA —N 5 i ees 
Neo 
EGC) 
LEVEL SHIFTER SWITCH 


CHANNEL 
IN 


A3-SINGLE ENDED/DIFFERENTIAL SELECT CIRCUIT 


+V 
PBA 


A3/SDS 


Via» 
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HI-516/883 


Schematic Diagrams (Continued) 


LOGIC LEVEL SELECT CIRCUIT 


a 
fe 


REFERENCE VOLTAGES 


+V 


CMOS ANALOG 
MULTIPLEXERS 


BIAS 
PB +V 


PBA 
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HI-516/883 


Die Characteristics 


DIE DIMENSIONS: 146 x 89 x 19 mils TRANSISTOR COUNT: 647 
METALLIZATION: PROCESS: CMOS DI 

Type: Al DIE ATTACH: 

Thickness: 16kA + 2kA Material: Gold/Silicon Eutectic Alloy 
GLASSIVATION: Temperature: Ceramic DIP — 460°C (Max) 

Type: Nitride Ceramic LCC — 420°9C (Max) 


Thickness: 7kA + 1kA 
WORST CASE CURRENT DENSITY: 2 x 10°A/cm2 when channel current remains below 8.4mA 


Metallization Mask Layout 
HI-516/883 


A3/ Vopp/ 
ENABLE Ag Ai Az SDS LLS mw 


ear] 


ea ! ec real tere a IN 9/1B 
r : MICA 
IN 2/2A sgt 4 ab eer aay IN 10/28 
: ign | alin, Wate 
IN 3/3A : 


es 


nF 


ae IN 11/3B 


We icc te IN 12/48 
MICE 
Me fcc a2m IN 13/58 
nla 


IN 14/6B 
any 


HT IN 16/8B 
wee 


= 2 
i ae 
ae aye 5 
cae =? 
— 
i 
z= 


S 
S 
oF 

| = 


er 
Od oe 
-V OUTA +V a 


H!I-516/883 


Packaging' 
28 PIN CERAMIC DIP 
1.440 
1.470 .150 
.005 MIN oa 180 
.225 MAX bi 
.015 
060 O° 
125 .098 MAX 15 


* | 


NCREASE MAX LIMIT BY .003 INCHES 


MEASURED AT CENTER OF FLAT FOR 
SOLDER FINISH 


LEAD MATERIAL: Type B 
LEAD FINISH: Type A 
PACKAGE MATERIAL: Ceramic, 90% Alumina 
PACKAGE SEAL: 
Material: Glass Frit 
Temperature: 450°C + 10°C 
Method: Furnace Seal 


28 PAD CERAMIC LCC 


.075 


PAD MATERIAL: Type C 
PAD FINISH: Type A 
FINISH DIMENSION: Type A 
PACKAGE MATERIAL: Multilayer Ceramic, 90% Alumina 
PACKAGE SEAL: 

Material: Gold/Tin (80/20) 

Temperature: 320°C + 10°C 

Method: Furnace Braze 

Min 


NOTE: All Dimensions are , Dimensions are in inches. 
x 
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INTERNAL LEAD WIRE: 


Material: Aluminum 
Diameter: 1.25 Mil 
Bonding Method: Ultrasonic 


COMPLIANT OUTLINE: 38510 D-10 


442 
.458 


088 


INTERNAL LEAD WIRE: 

Material: Aluminum 

Diameter: 1.25 Mil 

Bonding Method: Ultrasonic 
COMPLIANT OUTLINE: 38510 C-4 


t Mil-M-38510 Compliant Materials, Finishes, and Dimensions. 


CMOS ANALOG 


MULTIPLEXERS 


WHARRIS HI-518/883 


8 Channel/Differential 4 Channel 
July 1987 CMOS High Speed Analog Multiplexer 


Features Description 


e This Circuit is Processed in Accordance to Mil-Std- The HI-518/883 is a monolithic dielectrically isolated, 
883 and is Fully Conformant Under the Provisions of high speed, high performance CMOS analog multiplexer. 
Paragraph 1.2.1. It offers unique built-in channel selection decoding plus 


e Access Time (Max. Over Temp.) ....csccssccesesesesseess 225ns aN _ inhibit input for disabling all channels. The dual 
e Low Leak Max. Over T 50nA function of address input Ag enables the HI-518/883 to be 

Re er ee D(OFF) 9Nn user programmed either as a single ended 8-channel 
e Low Charge Transfer Error (100pF Load)............ 25mvV multiplexer by connecting ‘OUT A’ to ‘OUT B’ and using 
e Single Ended to Differential Selectable (SDS) Ao as a digital address input, or as a 4-channel differential 
e TTL/CMOS Compatible multiplexer by connecting Ag to the -VSyupPPLy. The 


substrate leakages and parasitic capacitances are 

reduced substantially by using the Harris dielectric isola- 

: : tion process to achieve optimum performance in both 

Applications high and low level signal applications. The low output 

leakage current (ID(OFF) < SONA over temperature) of the 

device makes it an ideal choice for high speed data acqui- 

° Telemetry sition systems, precision instrumentation, and industrial 
e Industrial Control process control. 


e Data Acquisition Systems 


Pinouts 


HI1-518/883 (CERAMIC DIP) HI4-518/883 (CERAMIC LCC) 
TOP VIEW TOP VIEW 


IN 8/4B IN 4/4A 


IN 3/3A 


15} | 1N3/3A IN 7/3B 


14] ] IN 2/28 IN 6/28 


IN 5/1B 


IN 2/2A 


IN 1/1A 


GND ENABLE 


a4 

a 
oad 
eer 
rm 


*Vpp/LLS i 8 


Vpp/LLS 
A2/SDS 


t A2/sps || 9 


* LLS = Logic Level Select (TTL Compatible with Vpp/LLS Pin = Ground 
or Open, CMOS Compatible when Vpp/LLS Pin = Vpp) 


t SDS = Single Ended/Differential Select (Multiplexer is in Differential 
Mode when Ad/SDS Pin = -Vsypp_y) 
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HI-518/883 


Functional Diagram 


Vpp/LLS 
IN 1A 


eae ae ages ae a ae emma ere 
| | 
NF JouTA 
as | DECODER B | 
Ao ear | IN4A 
A 
ro con 


A2 
DECODE) 


| 
| 
| 
| 
Az DECODE | NF 
| 
| > 
| 
| 
| 
| 


DECODER 


INPUT BUFFER AND DECODERS MULTIPLEXER SWITCHES 


Truth Tables 
H!-518/883 USED AS 8 CHANNEL MULTIPLEXER 


USE A2/SDS AS DIGITAL 
ADDRESS INPUT ON CHANNEL TO 


ea ~<a, 2c fe Sil .X< 
aE MOT) I rt a Poa 


L 
H 
H 
H 
H 
H 
H 
tan 
H 


Wee te A oe EL i i 


H1-518/883 USED AS DIFFERENTIAL 4 CHANNEL MULTIPLEXER 


A2/SDS CONNECTED 
TO -VSUPPLY ON CHANNEL TO 
enaple| a | a0 [aura | oure 


None 
1B 


None 
1A 
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MULTIPLEXERS 


CMOS ANALOG 


Specifications HI-51 8/883 


Absolute Maximum Ratings 


Voltage Botwaeert SUPDIY PING... cccsicc.cisckisess-ccesesncdeesnechedesszvaee 33V Lead Temperature (Soldering 10 Seconds)..........ccseeeeee 9750C 

ANSP O57 10 CUOUING once site srs seca eis aden sed Sysstat ne AG SV 5: RRS EL STRONG A A aia oa ca cc cdat stant Sas seccBet baboons sanarcqesecvenss +175°C 

VS bre 10: GRPOUING oossecia ccd vars te abenstie see egeecbeten oceania 16.5V Thermal Resistance, Junction-to-Case (6jc) 

Analog Input Voltage ORR DOR hr RICE gg unos can Sy ahonanecveatgaenacsavens Semi 25°C/W 
NOM Bei oc cushsidads sie datvens seastatsncaeeee eae een ee +VSUPPLY *2V Seri ECG PACK 2s sicsasg ick vinosiccrvieecxesntiwnsexts saan 219C/W 
ME yh an nese gbaciuroeenevennintg eee etek aiea tees -VSUPPLY -2V. ‘Thermal Resistance, Junction-to-Ambient (6ja) 

Digital Input Voltage Seer A FON a Fe oat asec 24 By conasdexcarancced ovevescaves 840C/W 

TTL Levels Selected (Vpp/LLS Pin = GND or Open) a ig eae Moe gl ote 2 | ea ee ee 78°C/W 
WN aa tan covscbeués Cnteannan dace sells ncaa pea UrterensUente cnasakassackiaancs +6V _—- Power Dissipation (at 75°C) 
PN Dic sas dasaeadosiun ced stnucnsnghoh ele eniee peel tean iateatant oes: cosuasciasvy? -6V RRR NIM EON A  oehicisecsnccen cred easendoapesvnsszeavaceensiecbeous 1.19W 
PRD cig pterasnecsnsxnsataivatataistee Set papestetteon ae -VSUPPLY -2V oF CLS ges 2) 9a | Rae ep Sc 1.28W 
PDO reo cevaxcecdeigiavennta eextactee tant thar +VSUPPLY *2V.__ Power Dissipation Derating Factor (Above +75°C) 
CMOS Levels Selected (Vpp/LLS Pin = Vpp) CAOFAIING IP SPA GKEGG 5 .....005:0crsesesinanncdsedesessoacesncesosi 11.9mW/°C 

OO Niasrcyctsigecastvie iucinaessaasssA eRe DR tas tia +VSUPPLY +2V Tew sta LAG sr WRI occ ncvca csskicesicvupsepnentodnneagneeds 12.8mW/°C 
OM A sseedannsnseint dass weadupasonwsgcdag teReeneeth «coke iesueta digbadhcarxaneshuans EEN 5, ARO a MP MRC REINO NN fits Seda cox cad nanan sits cetncukiviconpinsanuetveiaieat ois <=2000V 

Storage Temperature Range ................cccssceeee -~659C to +150°9C 

Recommended Operating Conditions . 

Operating Temperature Range................cceee -SEOC to +1050C:.. LOGI) EOVB LOW: CV fy) bo castegs dalesesevoscoesreoceveredansnasivons OV to 0.8V 

Operating Supply Voltage (EVSUPPLY) -.-sesceseeseeesseseeseesen +15v Logic Level High (VAY) ....-...--sseeeseeeeeseeeenee 2.4V to *VSUPPLY 

Analog Input Voltage: (Vs) os cccacte behav ieceieseecetnetteoined Af MNe ~ IREIAUOIME SEN oi csc sah cess tas cons ependia cov acca edinesSbarseds 8mA 

TABLE 1. D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 


Devices Tested at *VSUppLy = +15V, -VSUPPLY = -15V, VEN = 2.4V, Vpp/LLS = GND, Unless Otherwise Specified. 


Leakage Current Into *IS(OFF) 
the Source Terminal of 


an"OFF” Switch 


All Unused Inputs = -10V 


“IS (OFF) 


Leakage Current Into 


*ID(OFF) 
the Drain Terminal of 


All Unused Inputs = -10V 


All Unused Inputs = +10V 


Positive Supply 
Current 


Record Highest I+ 


Negative Supply 


Current 


Standby Positive 
Standby Negative 
Supply Current 
Switch “ON” 


Resistance 


Record Highest |- 
*ISBY 


-IsBY 


Vs = 10V 
Ip = 100uA 
Vs = -10V 
ID = -100uA 


*Rps1 


-Rps1 


' + 


Logic Level Voltage 


VAH Vpp/LLS = GND 
(TTL) 
VAL Vpp/LLS = +15V 


(CMOS 


) 
VAH Vpp/LLS = +15V 
(CMOS) 


GROUP A 
CONDITIONS SUBGROUPS | TEMPERATURE | MIN | MAX | UNITS 


Measure Inputs Sequentially, 1223 +25°0C, +1250C -1.0 1.0 LA 
-55°C 
Nie Measure Inputs Sequentially, 20 uA 


Connect All Unused Inputs to +5V 


Vs = 10V, Vp = -10V, Ven = 0.8V 


Vs = -10V, Vp = +10V, Ven = 0.8V 


1 ‘ 
Vs =-10V, Vp = 10V, Ven = 0.8V 1; +250C, +125°0C 
All Unused Inputs = +10V -55°C 

1 


an “OFF” Switch -ID(OFF) Vs = +10V, Vp = -10V, Ven = 0.8V 
All Unused Inputs = +10V 

Leakage Current From *ID(ON) Vs = Vp = 10V 

an “ON” Driver Into All Unused Inputs = -10V 

the Switch (Drain) -ID(ON) Vs = Vp =-10V 


Vs = OV, Vp = Open, Ven = 2.4V 
Sequence All Address Combinations, 


Vs = OV, Vp = Open, Ven = 2.4V 
Sequence Ail Address Combinations, 


Va = 0.8V, Ven = 0.8V 3 +250C, +1250C, | -15 mA 
-55°C 
1 


=@); bs aN a Re 
= V.OV, =U. i be 


,3 
VAL Vpp/LLS = GND 1;-2,3 +259C, +1259C, V 
(TTL) -55°C 
Pare. 


LIMITS 


+259C, +125°9C 
-559C 


+250C, +125°C 
-§59C 


S 


Ss 


S 


ea 
2,3 ' 
1,.2..9 +259C, +1259C 
-55°C 
Vite; 3 +259C, +1259C, 
-55°C 
mS +259C, +1259C, 
-559C 
1,2;.3 


+250C, +12509C, 
-55°C 


+259C, +125°9C 
-559C 
+259C, +1259C, 


me 


-55°9C 


S 


20 

+50 
+50 
+50 
+50 
+50 
+50 
+15 
+15 


42,3 


-50 
-50 
-50 
-50 

15 


3 


3 =] 


2 +25°0C, +125°C . 
2 
+259C 
+1259C, -55°9C 
+250C 
+1259C, -559C 


750 0) 
1000 10} 


1 750 .0) 
1000 0) 


2 


+259C, +1250C 


bean 2.4 V 

eet +259C, +125°C 4.5 V 
(oe ber mae a ed 

+259C, +1250C, 10.5 V 
Lect <p and Sia PA 


CAUTION: These devices are sensitive to electrostatic discharge. Proper IC handling procedures should be followed. 
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HI-518/883 


TABLE 2. A.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 


Devices Tested at *VSUPPLY = +15V, -VSUPPLY = -15V, VEN = 2.4V, Vpp/LLS = GND, Unless Otherwise Specified. 


GROUP A 
A.C. PARAMETERS SYMBOL CONDITIONS SUBGROUP TEMP UNITS 
ee ee ee ee SS SS 


+250C 


hes Tees 


J im eis 


ne a= 


Break-Before-Make 
Time Delay 


tp Ri = 800, CL = 12.5pF 


Propagation Delay 
Times: 

Address Inputs 

to I/O Channel 
Times 


RL = 10MQ, Cy = 125pF | 9 | 


Enable to 1/0 tON(EN Ri = 8000, Cy = 12.5pF: 
ON(EN) 


Ry = 8000, Cy = 12.5pF 


tOFF(EN) 


10, 11 +1250C, -550C a oe 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


Characterized at +VSUPPLY = +15V, -VSUPPLY = -15V, VEN = 2.4V, Vpp/LLS = GND, Unless Otherwise Specified. 


LIMITS 
PARAMETER SYMBOL CONDITIONS TEMP ae UNITS 
RENE TA NEEL ENE «RIE SS Ri 8 SS SE ET ES OE RP TIE oe AE Ae DEN SP Ses SONS Seek SCRA A SES OST 
Capacitance: =\-= +250C 
Address Input = 
Capacitance: Cos V+ = V- = 0V 
Output Switch f = 1MHz 
Capacitance: Cis V+ = V-=0V 
Input Switch f = 1MHz 


MULTIPLEXERS 


CMOS ANALOG 


Charge Transfer VCTE Vs = GND, CL = 100pF 
Error VGEN = OV to 5V 


Off Channel VEN = 0.8V, RL = 1k 
Isolation Cy = 40pF, Vs = 3VRmMS 
f = 500kHz 


TABLE 4. ELECTRICAL TEST REQUIREMENTS 


MIL-STD-883 TEST REQUIREMENTS SUBGROUPS (SEE TABLES 1, 2 & 3) 


Interim Electrical Parameters (Pre-Burn-In) 


Final Electrical Test Parameters 17,2, 3,9, 40, 11 
Group A Test Requirements 1, 2, 3, 9, 10, 11 


*PDA applies to Subgroup 1 only. No other subgroups are included in PDA. 


NOTE 1. The parameters listed in this table are controlled via design or process parameters and are not directly tested. These parameters are 
characterized upon initial design release and upon design changes which would affect these characteristics. 


CAUTION: These devices are sensitive to electrostatic discharge. Proper IC handling procedures should be followed. 
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H1I-518/883 


Test Circuits 
INPUT LEAKAGE CURRENT ID(OFF) IS(OFF) 


V+ GND V- V+ GND V- 


Ip(OFF) 


VAL = 0.8V; Van = 2.4V 
UNUSED INPUTS TO 

GROUND TRUTH TABLE 
VAL = 0.8V 
VAH = 2.4V 


SUPPLY CURRENTS 


V+ GND V- 


TRUTH TABLE 
VAL = 0.8V 
VAH = 2.4V 


TRUTH TABLE 
VAL = 0.8V 
VAH = 2.4V 


V SBY: Va, Ven = 0.8V 
OPERATIONAL: Ven = 2.4V, 


Va = All Combinations 
are Sequenced 


CHARGE TRANSFER ERROR OFF CHANNEL ISOLATION 


% INCLUDES ALL FACTORS AND 
SCOPE OR VOLTMETER 
CAPACITANCE 
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H!/-518/883 


Switching Waveforms 


ADDRESS DRIVE BREAK-BEFORE-MAKE BREAK-BEFORE-MAKE 
DELAY (topeEN) DELAY (topeN) 


3.5V 
ADDRESS 
OUTPUT A cane pirating © vai 
50% VV 50% ae Viz al 
—+ 
tOPEN 
100ns/DIV 
ACCESS TIME ACCESS TIME 


+15V 


3.5V ADDRESS 
DRIVE (Va) 


50% ov 


aaaeen VA 
| 


ewer ae 


+10V. prope 


MULTIPLEXERS 


CMOS ANALOG 


100ns/DIV 


ENABLE DRIVE ENABLE DELAY ENABLE DELAY 
tON(EN)> tOFF(EN) tON(EN): ‘OFF(EN) 


| 90% OUTPUT A 
| 
| | l 90% 
| 


—+ tON(EN) me | tore ! 
—>| (EN) jie 


100ns/DIV 


5-41 


HI-518/883 


Burn-In Circuits 


H1-518/883 CERAMIC DIP 


NOTES: 

Ry = Ro = 10k, +5%, 1/4 or 1/2W 

C1 = Co = 0.01uF (one per socket) or 0.1uF (one per row) 
D1 = Dg = IN4002 or equivalent (per board) 


H1-518/883 CERAMIC LCC 


+15V -15V 


IN 5/1B IN 1/1B 


GND EN 
Vpb/ Ad/ 
LLS SDS nc A1 AQ 


NOTES: 

Ry = Ro = 10kO, +5%, 1/2 or 1/4W (per socket) 

Cz = Co = 0.01uF (one per socket) or 0.1uF (one per row) 
D1 = Do = IN4002 or equivalent (per board) 
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HI-518/883 


Schematic Diagrams 
ADDRESS/ENABLE INPUT BUFFER DECODE 


+V +V O 


cil 


v a 
A 
VR - 
m dhl ‘aida © bi OE Bs oo 
AL 7 
A10R Ay 
A2 0R A? 
VLA oe 
EN 
Neb 
a 
LEVEL SHIFTER SWITCH 


CMOS ANALOG 
MULTIPLEXERS 


A2-SINGLE ENDED/DIFFERENTIAL SELECT CIRCUIT 


+V 


PBA 
A2/SDS 
VR 

A2 

Ad 
VLA 
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HI-518/883 


Schematic Diagrams (Continued) 


LOGIC LEVEL SELECT CIRCUIT 


PBA 


Vpp/LLS 


REFERENCE VOLTAGES 


+V 
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HI-5 18/883 


Die Characteristics 


DIE DIMENSIONS: 89 x 93 x 19 mils TRANSISTOR COUNT: 

METALLIZATION: HI-518/883 356 
Type: Al PROCESS: CMOS DI 
Thickness: 16kA + 2kA DIE ATTACH: 

GLASSIVATION: Material: Gold/Silicon Eutectic Alloy 
Type: Nitride Temperature: Ceramic DIP - 460° (Max) 
Thickness: 7kA + 1.0kA Ceramic LCC - 420° (Max) 


WORST CASE CURRENT DENSITY: 2 x 109A/cm2 


Metallization Mask Layout 
HI-518/883 


A2/ VDD/ 
EN A A DS LLS 
0 1 = § =] 


oll es 
earn 


MULTIPLEXERS 


CMOS ANALOG 


NOTE: Pad Numbers Correspond to DIP Pin Numbers Only. 


HI-518/883 


Packaging t 
18 PIN CERAMIC DIP 


& | 
150 MIN 
es 
.098 MAX Te 
100 
BSC 
065 * INCREASE MAX LIMIT BY .003 INCHES 


MEASURED AT CENTER OF FLAT FOR 
SOLDER FINISH 


LEAD MATERIAL: Type B INTERNAL LEAD WIRE: 

LEAD FINISH: Type A Material: Aluminum 

PACKAGE MATERIAL: Ceramic, 90% Alumina Diameter: 1.25 Mil 

PACKAGE SEAL: Bonding Method: Ultrasonic 
Material: Glass Frit COMPLIANT OUTLINE: 38510 D-6 


Temperature: 450°C +10°C 
Method: Furnace Seal 


20 PAD CERAMIC LCC 


o73 | f 


-089 


PAD MATERIAL: Type C INTERNAL LEAD WIRE: 

PAD FINISH: Type A Material: Aluminum 

FINISH DIMENSION: Type A Diameter: 1.25 Mil 

PACKAGE MATERIAL: Multilayer Ceramic, 90% Alumina Bonding Method: Ultrasonic 
PACKAGE SEAL: COMPLIANT OUTLINE: 38510 C-2 


Material: Gold/Tin (80/20) 
Temperature: 320°C +10°0C 
Method: Furnace Braze 


Mi 
NOTE: All Dimensions are a Dimensions are in inches. T Mil-M-38510 Compliant Materials, Finishes, and Dimensions. 


Max 
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a) HARRIS 


HI-524/883 


4 Channel 


August 1988 Wideband Multiplexer 


Features 


© This Circuit is Processed in Accordance to Mil-Std- 
883 and is Fully Conformant Under the Provisions of 
Paragraph 1.2.1. 


© Crosstalk (7.OMHZ) .....cccccccscncntcsvene <-56dB 
e Fast access Time (Max. Over Temp.).......... 500ns 
¢ TTL Compatible 


Applications 

e Wideband Switching 
e Radar 

e TV Video 

e ECM 


Description 


The HI-524/883 is a four channel CMOS analog 
multiplexer designed to process single-ended signals with 
bandwidths up to 6.8MHz. The chip includes a 1 of 4 deco- 
der for channel selection and an Enable input to inhibit all 
channels (chip select). 


Three CMOS transmission gates are used in each channel, 
as compared to the single gate in more conventional CMOS 
multiplexers. This provides a double barrier to the unwanted 
coupling of signals from each input to the output. In 
addition, Dielectric Isolation (DI) processing helps to insure 
that Crosstalk is less than -56dB at 7MHz. 


The HI-524/883 is designed to operate into a wideband 
buffer amplifer such as the Harris HA-2541/883. The 
multiplexer chip includes two “on” switches in series, for 
use as a feedback element with the amplifier. This feedback 
resistance matches and tracks the channel Ron resistance, 
to minimize the amplifier Vos and its variation with 
temperature. 


The HI-524/883 is well suited to the rapid switching of 
video and other wideband singals_ in_ telemetry, 
instrumentation, radar and video systems. It is packaged in 
an 18 pin Ceramic DIP or 20 pad LCC and operates on 
+15V supplies. 


Pinouts 


H11-524/883 (CERAMIC DIP) 
TOP VIEW 


+V] 1] 


OUTPUT 2 


SIG GND | 3] 


SIG GND (IN 4) 4 


Hl4-524/883 (CERAMIC LCC) 
TOP VIEW 


z 
jaa] 
LL. 


i) 
ra 
=. 


i] 
t 


SIG GND [4 

SIG GND (IN 4) 
IN 4 116] IN 2 

SIG GND (IN 3)| 7 115] SIG GND (IN 1) 
IN 3/81 114] IN 1 


ia 
118] FB (OUT) 
117 SIG GND (IN 2) 


4 
. 


-3 
ol 


OQ 
z 
Oo 
> 
= 
o 
o. 
> 
” 
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CMOS ANALOG 


MULTIPLEXERS 


Specifications HI-524/883 


Functional Diagram 


HI - 524/883 


© FB (IN) 


SIG GND 
(IN 1) 


IN 2 


SIG GND 
(IN 2) 


© FB (OUT) 


IN 3 © OUTPUT 


SIG GND 
(IN 3) 


IN 4 


SIG GND 
(INGD 1OF4 
DECODER 


- 15V +15V EN Ao Ay 
SUPPLY 
GND 


TRUTH TABLE 


*CHANNEL 1 IS SHOWN 
SELECTED IN THE DIAGRAM 


NOTE: Pin Numbers Refer to DIP Package Only. 
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Specifications HI-524/883 


Absolute Maximum Ratings Thermal Information 
Voltage Between Supply Pins ..............-. 252s e eee 33V Thermal Resistance, Junction-to-Case (jc) 
+VsuppPLy to Ground .........- 2. eee e eee eee eee e eee +16.5V Geramic DIP Package ooo os snt ner cdmdaasnaanae 220C/W 
-VSUPPLY to Ground ...........- 2 ee eee eee eee ee eee’ -16.5V Geramic LGC Patkece 23 x. cis cesesiereisansteweeens 19°C/W 
Analog Input Voltage Thermal Resistance, Junction-to-Ambient (jg) 
Se ee re Se eee Oe +VsuPPLy +2V Ceramic DIP Package yo oir) re eee 819C/W 
VEG oo ites ae Taiswapa x ren bgabis ale tes Meutinaleageers -VSUPPLY -2V Corami€CO, Packages? .. 6 ch cence ccesncvecceteeuneds 76°C/W 
Digital Input Voltage Power Dissipation (at +75°C) 
St ee 0 Ge ee ern ee ereers nero +6V Ceramic DIP. Package ..cenep ec erwisrr ee cee rererrerss 1.23W 
“VEN, “VA wicill> ob oe ets ncn ee DEE ec cece he eawns -6V Cerami¢ LCC Package::....) 568.00) S20. a as 1.32W 
Storage Temperature Range .............-+-- -65°C to+150°C Power Dissipation Derating Factor (Above +75°C) 
Lead Temperature (Soldering 10 Seconds) .............. +275°9C Caranie DIP Package «6 s5 cies tie es ee cages ags 12.3mW/°C 
Junction TEMpPerature . ..... 2. 5. canis nee seb eee ee cee +175°C Coramint-CO Backage ) gpnc si cece os teow cence sd 13.2mW/°C 
ESD GCISSSINCOUON 30 inane s chee ncn danse Seek tas eveaets <2000V 


Recommended Operating Conditions 


Operating Temperature Range ...........---- ~5596 to+1259C Logic Level Low (VAL) .<- =~ ++.) --20-ccncieeenee setae OVTO 0.8V 
Operating Supply Voltage (EVSUPPLY) --------++ essere: +15V___Logic.Level High (VAP) .~-- 22 eee ee ee eee ee 2.4V to +VSUPPLY 
Analog Input Voltage (VS) ..... 6.6 eee ee eee eee eee eee ene +10V MaxRMSCurrent,SorD ............ cece eee e eee eee eens 8mA 


TABLE 1. D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 
Devices Tested at +VSUPPLY = +15V, -VSUPPLY = -15V, VEN = 2.4V, VAH = 2.4V, VaL = +0.8V, Unless Otherwise Specified 


GROUPA LIMITS 
D.C.PARAMETERS SYMBOL CONDITIONS SUBGROUPS | TEMPERATURE 

Input Leakage Current Measure Inputs Sequentially, +25°9C, 
Connect all Unused Inputs to GND +125°C, -55°C 

Measure Inputs Sequentially, +25°C, 
Connect All Unused Inputs to +5V +125°C, -55°C 

+IS(OFF) Vs = 10V, Vp = -10V, VEN = 0.8V +25°C, 
+125°C, -55°C 


All Unused Inputs = -10V 
-IS(OFF) Vs = -10V, Vp = 10V, VEN = 0.8V +25°9C, 
All Unused Inputs = +10V +125°C, -55°C 
+25°C, 
+125°C, -55°C 


+ID(OFF) Vs = -10V, Vp = +10V, VEN = 0.8V 
All Unused Inputs = -10V 
-ID(OFF) Vs = +10V, Vp = -10V, Ven = 0.8V +25°9C, 
All Unused Inputs = +10V +125°9C, -55°C 
+ID(ON) Vs=Vp= 10V +25°C, 
Al! Unused Inputs = -10V +125°C, -55°C 
+25°9C, 
+125°9C, -55°C 


-ID(ON) Vs=Vp= -10V 
All Unused Inputs = +10V 
+25°C, 
Sequence All he Combinations, 


\(+) Vs = OV, Vp = Open, VEN = 2.4V 
+125°C, -55°C 
Record Highest i (- 


Sequence All Address Combinations, 
Record Highest | (+) 
Standby Positive +Ispy Va = 0.8V, Ven = 0.8V 
Supply Current 
Standby Negative -Ispy Va = 0.8V, VEN = 0.8V 
Supply Current 
Switch “ON” Vs = OV 
Resistance Ip = +100yA 


Digital Input Threshold 
Characteristics 


— 
°o 
= 


CMOS ANALOG 


UNITS 


+5 


(o) 


nA 


Leakage Current Into 
the Source Terminal of 
an “OFF” Switch 


nN : 
c 
> 


+5 


(o) 
> 


MULTIPLEXERS 


Leakage Current Into 
the Drain Terminal of 
an “OFF” Switch 


+50 


= | 


+5 


oO 


oy 
=] S 


=] 


Leakage Current From 
an “ON” Driver Into 
the Switch (Drain) 


oh 


a 
> 


+50 


=| 
> 


Positive Supply 
Current 


+25°C, A 


+125°C, -55°C 


! 
N 
ey) 


Negative Supply 
Current 


Vs = OV, Vp = Open, VEN = 2.4V 


mA 


Nh 
oO 


+25°C, 
+125°9C, -55°C 
+259C, +125°C, 
-55°C 
+25°C, 
+125°9C, -55°C 
+25°9C 
+125°C, -55°C 


> 


m 


—_ 
(e¥) 


1500 


EE 


< 
> 
i 


+25°0C 
+125°9C, -55°C 


12.3 


Nd 
bh 
EE 


CAUTION: This device is sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
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HI-524/883 


TABLE 2. A.C. ELECTRICAL PEFORMANCE CHARACTERISTICS 


Devices Tested at +Vsyppiy = +15V, -VSUPPLY = -15V, VEN = 2.4V, Vay = 2.4, VAL = 0.8V, Unless Otherwise Specified. 


LIMITS 


min 


ome 
Fits 


Break-Before-Make 
Time Delay 


mes 


Propagation Delay Times: Address 
Inputs to I/O Channel Times 


ee 
Pre | emo [Pah ae 
ee ee 
Sw a ae 
ae cc Re ce 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


Enable to I/O 


Device Characterized at +Vsyppry = +15V, -VSUPPLY = -15V, VEN = 2.4V, Vay = 2.4, VAL = 0.8V, Unless Otherwise Specified. 


LIMITS 
PARAMETER SYMBOL CONDITIONS NOTE | TEMP 


Lwin” | MAX_| units 
[caractncesAdsessinot | cq | venvemoutemne 1 [aro [7 Tor 
[CapectenceGubutswich | cog | veavecousatwne | 1 [vase [= 
[Senawanceas) ew | ve=aiee 
aes 


Break-Before-Make Time Delay Ri = 5002, C, = 12.5pF 1 peMerse af - fm 


MIL-STD-883 TEST REQUIREMENTS SUBGROUPS (SEE TABLES 1, 2, & 3) 


*PDA applies to Subgroup 1 only. No other subgroups are included in PDA. 


NOTE: 1. The parameters listed in this table are controlled via design or process parameters and are not directly tested. These parameters are characterized 
upon intial design release and upon design changes which would affect these characteristics. 


CAUTION: This device is sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
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HI-524/883 


Test Circuits 
INPUT LEAKAGE CURRENT ID(OFF) IS(OFF) 


V+ GND V- V+ GND V- 


@ Ip (OFF) 


VA = VEN = 0.8V 


VAL= 0.8; VAH= 2.4V 
UNUSED INPUTS TO 
GROUND 


SUPPLY CURRENTS 


CMOS ANALOG 
MULTIPLEXERS 


o At EN 
TRUTH TABLE 


VAL = 0.8V 
VAH= 2.4V 


TRUTH TABLE 
VAL = 0.8V 
VAH= 2.4V 


SBY: Va =0.8V, VEN = 0.8V 
OPERATIONAL: Ven = 2.4V, 
Va = All Combinations are 


Sequenced 
CROSSTALK BANDWIDTH 
SUPPLY SUPPLY 
V+ GND V- V+ GND V- 
) () ® 
BUFFER 
CH 1 
O fe O 
OUT OUT 
0 CH 2 Hi - 5033 
CH3 
O 
CH4 
VsQ&) 
SIGNAL GNDS 
Ry 2R22NR3 R4 


iy vow VO ¥ Wi, 
TRUTH TABLE 
VaL = 0.8V 
VaAH= 2.4V 
NOTE: Ry thruRg = 752 NOTES: Ry thruR, = 752 
Worst Case is Channel Selected with Input On Channel 4 Vs Applied to Each Channel Separately, Worst Case is Recorded 
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HI-524/883 


Switching Waveforms 


ADDRESS DRIVE BREAK-BEFORE-MAKE BREAK-BEFORE-MAKE 
DELAY (topen) DELAY (topen) 


3.5V 


a [aooness fs 
OUTPUT vy, | CHION, | EcHaon| | | 
son \ pone eee aes 
en eee PA vow! FT 
OPEN 
100ns/DIV 
ADDRESS DRIVE ACCESS TIME ACCESS TIME 


3.5V ADDRESS 


DRIVE (Va) 
50% 
OV 


+3V; OUTPUT 


ONL chested ta 
i ae a 
ET | goureur fT [| 
Cob #3 (Co Re 
Pie Ae bade st 
200ns/DIV 


ENABLE DRIVE ENABLE DELAY ENABLE DELAY 
tON(EN):; tOFF (EN) tON(EN): tOFF (EN) 


100ns/DIV 


HA-524/883 


Burn-In Circuits 


HA-524/883 CERAMIC DIP 


TTT 


pit 


O + 5V 


i 


HA-524/883 CERAMIC LCC 


MULTIPLEXERS 


CMOS ANALOG 


1 20,1, 82008198 
bad bal a 


= OUT +V SoUFBIIN) -V r= 
4! siG GND FB(OUT) LL® 


. 
5 i SIG GND 


NOTES: 


Ry = 10kQ, +5%, 1/4 ort /2W (Per Socket) 
Ro = 10k2, +5%, 1/4 or 1/2W (Per Socket) 
Cz = 0.01uF/Socket or 0.1)F/Row, (min.) 
Co = 0.01yF/Socket or 0.1 uF/Row, (min.) 
D = Do = 1N4002 or Equivalent/Board 
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HI/I-524/883 


Schematic Diagrams 


ADDRESS/ENABLE INPUT BUFFER A-DECODE 
+V +V 
CHAN 
OFF 
PBA etal 
A 
VR AgOR Ag Vip 
at A,OR Ay 
L EN 
Ngp > 
VLA es 
A-LEVEL SHIFTER A-SWITCH CELL 
+VO 
CHANNEL 
CHAN thy | our 
CHAN el eS See 
: Fe Ps 
ie 
-VOo 1a 


® @ 
PG fe 
DECODE / LEVEL SHIFTER F->PG Pat at f 
B : B 
ae aes ee CHANNEL 
= Ss | SS ass denied 


DECODE LEVEL SHIFTER 
C4 Cc 


SIGNAL 
GND 
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HI-524/883 


Schematic Diagrams (Continued) 
REFERENCE VOLTAGES 


PB 


VLA 


BIAS 


CMOS ANALOG 
MULTIPLEXERS 


Hi-524/883 


Die Characteristics 
DIE DIMENSIONS: GLASSIVATION: 
il Type: Nitri 


146 x 89 x 19 mils ride 

(3710 x 2260 x 483 um) Thickness: 7kA + 0.7kA 
METALLIZATION: TRANSISTOR COUNT: 599 

ype: Aluminum PROCESS: CMOS-DI 

Thickness: 16kA + 2kA 


DIE ATTACH: 
WORST CASE CURRENT DENSITY: Material: Gold/Silicon Eutectic Alloy 
~ Temperature: Ceramic DIP — 460°C (Max) 
C 
Metallization Mask Layout 
HI-524/883 


~. 
aU; 
= ein: 


Total: 


SIG GND 


L fake, SIG GND 
) 

LT 

qin ity 
ir? IN 4 


kel fie 
ir 


nk 


LABS AS rer 


—) Gens 


a 


=I 
= 


aif 


SIG GND Beye Oy es Ba, | fob i. Poe 2 els siG GNp 


i 
a: 


—9 et 

a Oo 8 
t 

x i 


ie ay . 
FB (OUT) ia 7 i Cy SIG GND 
< 
paints) Sr q 
— -V FB (IN) rece ea be - 


NOTE: Pin Numbers Correspond to DIP Package Only. 


HI-524/883 


Packaging t 


18 PIN CERAMIC DIP 


-. 
iS: 
O23 
.050 * 
065 * INCREASE MAX LIMIT BY .003 INCHES 
MEASURED AT CENTER OF FLAT FOR 
SOLDER FINISH 
LEAD MATERIAL: Type B INTERNAL LEAD WIRE: 
LEAD FINISH: Type A Material: Aluminum 
PACKAGE MATERIAL: Ceramic, 90% Alumina . Diameter: 1.25 Mil 
PACKAGE SEAL: Bonding Method: Ultrasonic 
Material: Glass Frit COMPLIANT OUTLINE: 38510 D-6 


Temperature: 450°C + 10°C 
Method: Furnace Seal 


— 

20 PAD CERAMIC LCC Of 

3 . 

003 .075 <q 
—— ae 

5 

os 


-342 
008 


PAD MATERIAL: Type C INTERNAL LEAD WIRE: 

PAD FINISH: Type A Material: Aluminum 

FINISH DIMENSION: Type A Diameter: 1.25 Mil 

PACKAGE MATERIAL: Multilayer Ceramic, 90% Alumina Bonding Method: Ultrasonic 
PACKAGE SEAL: COMPLIANT OUTLINE: 38510 C-2 


Material: Gold/Tin (80/20) 
Temperature: 320°C + 10°C 
Method: Furnace Braze 


NOTE: All Dimensions are Min 
Max 


, Dimensions are in inches. + Mil-M-38510 Compliant Materials, Finishes, and Dimensions. 
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i HARRIS 


DESIGN INFORMATION 


ON RESISTANCE vs. 
ANALOG INPUT VOLTAGE, TEMPERATURE 


1000 
a an ee 


800 


700 


-10 -8 -6 -4 Pues 0 2 4 6 8 10 
Vin (VOLTS) 


ON RESISTANCE vs. SUPPLY VOLTAGE 


1000 


9.0 10.0 11.0 12.0 13.0 14.0 15.0 
(VOLTS) 


Applications 


Often it is desirable to buffer the HI-524 output, to avoid loading 
errors due to the channel “ON” resistance: 


HI - 524 


nh 2001 BUFFERED 


OUTPUT 


*Capacitor value may be selected to optimize AC performance. 


The buffer amplifier should offer sufficient bandwidth and slew rate 
to avoid degradation of the anticipated signals. For video switching, 
the HA-5033 and HA-2542 offer good performance plus + 100mA 
output current for driving coaxial cables. For general wideband 
applications, the HA-2541 offers the convenience of unity gain 


The information contained in this section has been developed through characterization by Harris Semiconductor and is for 
use as application and design data only. No guarantee is implied. 


Typical Performance Characteristics unless Otherwise Specified: Ta = +25°C, Vsyppy = +15V, 
VAH = +2.4V, Vat = 0.8V, Pin Numbers Refer to DIP. 


HI-524 


4 Channel 
Wideband Multiplexer 


LEAKAGE CURRENT vs. TEMPERATURE 


LEAKAGE 
CURRENT 
(nA) 


TEMPERATURE (°C) 


Stability plus 90ns settling (to +0.1%) and +10V output swing. Also, 
the HI-524 includes a feedback resistance for use with the 
HA-2541. This resistance matches and tracks the channel “ON” 
resistance, to minimize offset voltage due to the buffer’s bias 
currents. 


Note that the on-chip feedback element between pins 16 and 18 
includes two switches in series, to simulate a channel resistance. 
These swiches open for Vey = Low. This allows two or more 
HI-524’s to operate into one HA-2541, with their feedback 
elements connected in parallel. Thus, only the selected multiplexer 
provides feedback and the amplifier remains stable. 


All Hi-524 package pins labeled ‘SIG GND’ (pins 3, 4, 6, 13, 15) 
should be externally connected to signal ground for best crosstalk 
performance. 


Bypass capacitors (0.1 to 1.0uF) are recommended from each 
HI-524 supply pin to power ground (pins 1 and 17 to pin 8). Locate 
the buffer amplifier near the HI-524 so the two capacitors may 
bypass both devices. 


If an analog input 1V or greater is present when supplies are off, a 
low resistance is seen from that input to a supply line. (For 
example, the resistance is approximately 1602 for an input of -3V.) 
Current flow may be blocked by a diode in each Supply line, or 
limited by a resistor in series with each channel. The best solution, 
of course, is to arrange that no digital or analog inputs are present 
when the power supplies are off. 
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HARRIS 


HI-546/883 
HI-54 7/883 


Single 16/Differential 8 Channel CMOS Analog 
Multiplexers With Active Overvoltage Protection 


se 


January 1989 


Features Description 


The HI-546/883 and HI-547/883 are analog multiplexers 
with Active Overvoltage Protection and guaranteed RON 
matching. Analog input levels may greatly exceed either 
power supply without damaging the device or disturbing 
the signal path of other channels. Active protection circui- 
try assures that signal fidelity is maintained even under 
fault conditions that would destroy other multiplexers. 
Analog inputs can withstand constant 70 volt peak-to- 
peak levels with +15V supplies and digital inputs will sus- 


e This Circuit is Processed in Accordance to Mil-Std- 
883 and is Fully Conformant Under the Provisions of 
Paragraph 1.2.1. 


e No Channel Interaction During Overvoltage 
e Guaranteed RON Matching 

e 44V Maximum Power Supply 

e Break-Before-Make Switching 


© Analog Signal Range.......sssssssssssseeeseseseseseseeees +15V tain continuous faults up to 4 volts greater than either 
© ACCESS TIME (MaX.,) .......cccccsescsscsccssscsssssesssseeserensesnes 1.0us Supply. “In aC RINCN arena! wana 8 Sie py erented sald 
short circuiting should multiplexer supply loss occur; 
e Power Dissipation (MAX) wnoserccrcsccccssccccncscncessncnseees 45mW each input presents 1kQ of resistance under this condi- 
tion. These features make the HI-546/883 and HI-547/883 
. : ideal for use in systems where the analog inputs originate 
Applications from external equipment or separately powered circuitry. 


Both devices are fabricated with 44 volt dielectrically 
isolated CMOS technology. The HI-546/883 is a 16 chan- 
nel device and the HI-547/883 is an 8 channel differential 


e Data Acquisition Systems 
e Control Systems 


eee 


e Telemetry version. If input overvoltage protection is not needed, the 
H1I-506/883 and HI-507/883 multiplexers are recom- 
mended. For further information see Application Notes Ow 
oa 
520 and 521. : . 
= 
. a 
Pinouts <a 
H11-546/883 (CERAMIC DIP) H11-547/883 (CERAMIC DIP) 045 
TOP VIEW TOP VIEW =- 
os 
+VSUPPLY 28 12 OUT +VSUPPLY [} OUTA 
NC 27 1) -VsuPPLy OUT B -VSUPPLY 
NC 26 LJ IN8 NC 1) IN 8A 
IN 16 25 DJ IN7 IN 8B LJ IN7A 
IN 15 24 (1) ING IN 7B r] IN 6A 
IN 14 23 DO IN5 IN 6B Tr] IN 5A 
IN 13 22 LJ IN4 IN 5B r) IN 4A 
IN 12 21 LI IN3 IN 4B 1) IN 3A 
IN 11 20 LJ IN2 IN 3B LJ) IN 2A 
IN 10 19 DO IN1 IN 2B IN 1A 
INS3 18 (J) ENABLE IN 1B J ENABLE 
GND 17 (1 ADDRESS Ag GND () ADDRESS Ag 
VREF 16 (1) ADDRESS Ay VREF 16 [) ADDRESS Ay 
ADDRESS A3 15 [) ADDRESS Az NC 15 1 ADDRESS Az 
H1I4-546/883 (CERAMIC LCC) Hi4-547/883 (CERAMIC LCC) 
TOP VIEW TOP VIEW 
a = = * 
o = - & © oa = = < & =< 
-e2?7 87 = z2¢373 =z 
: 2 rd 
IN15{ 5} 5 | INT IN 7B{ 5 25 | IN 7A 
In14[ 6} IN6 in6B{ 6 4 | INGA 
IN 131 7} INS IN 5B INSA 
IN12] 8} IN4 IN 4B 22 | IN 4A 
N11] 9} | IN 3 IN 3B[ 9 IN 3A 
In 10| 10} IN2 In 2B 1¢ IN 2A 
INST Ti: 9] IN IN 1B] 11 
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H!I-546/883 HI-547/883 


Functional Diagrams 


HI-546/883 


DECODER 
DRIVER 


OVERVOLTAGE 
CLAMP & 
SIGNAL 

ISOLATION 


*DIGITAL INPUT PROTECTION 


VREF Ag Aj Az A3 EN 


HI-547/883 


IN1A © O OUTA 


IN1B O- © OUTB 


DECODER 
DRIVER 


OVERVOLTAGE 


CLAMP & a | 
SIGNAL | 
ISOLATION 
IHG 
*DIGITAL INPUT PROTECTION 


CRSE eh e@ 
VREF Ag Ai A2 EN 
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TRUTH TABLES 


HI-546/883 


“ON” 
CHANNEL 
aia a ee a al ee ce a 


se ee a ae Pa fle ae oleae 
a ee Ee oe a Se 2 ee 


Se eek Giese fo To Tre fF meee 
ee 2L te i Re Ee Ee Ee ea me 
ae a SE i 2. en eae 


HI-547/883 


“ON” CHANNEL 
PAIR 


None 


ab GP aL 2 it fF ae 
2c 2, ae fee 
pee ie SE S20 tele Jay ae 


Leo? 2-2 ees 


Specifications HI-546/883 HI-547/883 


Absolute Maximum Ratings 


Voltage Between Supply PINS...........:csseseseeseesessssesessssseesseneneceeneneeeencns 44V JUNCTION TeMperatUle.............eccesecccsesseesceseesetseeeeceresseeseecsasensenees +175°C 
FVSUPPLY tO GrOUN ....... es ecseseeeessestssesneseeneeneneenentensstensanenenssenscesassescnsays 22V._—s* Thermal Resistance, Junction-to-Case (6c) 
-VSUPPLY tO GrOUNG .......ecesseeseessessessessssssseeneenneeneenentennensnsenseneenesesensets 25V Ceramic DIP Package...........scscssesesesersseeestesssseseeeseessssssteessnesees 189C/W 
Analog Input Voltage C5oramic LCC Pakage. .i.5......0csccscssssssccsveonsssesssasestansatocnenseess 40°C/W 
AVG veecesssscseseseesesesescenenescacacsesssesvsensessescneseneasanesesisnensaeaeey +VsupPLY t20V _—s Thermal Resistance, Junction-to-Ambient (6ja) 
VG secletesssessstecnsssssscesescnesnscnsensensenscssessssssessrenseneaneasensensene -VSUPPLY -20V Ceramic DIP Package............sccssssesssesssscesssssesencnseseesesaserecesnenees 50°C/W 
Digital Input Voltage Scene TCS PN anon oases ccc case Sicanccanvanacnavanaatannnonrs cnarannn 81°C/W 
FVD, TVA coesececsessecseeeenestetenssesstsnessanseneaseeenensnesseaensenancess +*VsuppLy *4V _—_—- Power Dissipation 
VEN) HVA coessscseescscecteeecnenseetscensnsnsessesenenenenenerenanansceseencines -VSUPPLY -4V Ceramic DIP Package. ..........cccccesscsteessnettecereseescsssssesseeeseeessenaenes 2.0W 
or 20mA, whichever occurs first. Ceramic LCC Package ................cssccsesescerrsessssscssneesessesessneseesesoees 1.23W 
Continuous Current, S OF D..............cscccccssssreccesssrerecssssseessssersssessserees 20mA Power Dissipation Derating Factor (Above +759C) 
Peak Current, S or D Coramic: DIP PAaCkag@..:...3..........csscccsscscsscosessrecensssezsnsscssacees 20.0mW/°C 
(Pulsed at 1ms, 10% Duty Cycle Max.)......:cscesscsssereseeserenenenerens 40mA Coramic LOC Package «....:<..-...scessssssesscsssosesensesasasenecensaoves 12.3mW/°C 
Storage Temperature RANge ...........cssecesseereseeerneneeneeeseeee =B5°C to F150°C | ESD Classification ..ccc.csssssssssiscssecnscscoscasnseesnecelanorscassoonnsanesBennsbeast sank <2000V 
Lead Temperature (Soldering 10 SECOMAS) ..........seeserrerereeseeeeenens 275°C 


Recommended Operating Conditions 


Operating Temperature Range ...........csscsesesereeeenerenenenens -55°C to +1259C Logic Low Level (VAL) ....:ssssssssssesssesesesssseessssersssensecsssssseesesseeeseess OV to 0.8V 
Operating Supply Voltage (EVSUPPLY) ---:-::cececeeereectseetsteteteseseesess +15V —_ Logic High Level (VAp)...-.cseccceseseeersssesesssseeseeenesnecnes +4V to tVSUPPLY 
Analog Input Voltage (Vo) .......ccssesseneeeessssseeseseeseesenenenaenenens +VSUPPLY Max RMS Current, S OF D ou... ccccecsesseeessteesesteteeseeneenesnaesesseesnaeneessanaesnens 8mA 


TABLE 1. D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 
Devices Tested at +VsyppLy =*15V, -VSUPPLY =-15V, VEN = 4.0V, VREF (Pin 13) = OPEN, Unless Otherwise Specified. 


GROUP A LIMITS 
D.C. PARAMETERS SYMBOL CONDITIONS SUBGROUPS TEMPERATURE MIN MAX | UNITS 
1H 


Le ———————————————s——————___ _ EEE EEE EEE EEE 
Input Leakage Current Measure Inputs Sequentially, +259C, +125°C, -559C 
Connect All Unused Inputs to GND "2500, *12500, 850 

“Ig (oFF) | Vs =*10V. Vp =-10V, Ven = 0.80 


Leakage Current Into 


the Source Terminal of All Unused Inputs = -10V 
an‘OFF” Switch 
All Unused Inputs = +10V 
[eakage Current Into Vp = *10V, Ven = 08V 
the Drain Terminal of All Unused Inputs = -10V HI-546/883 
an “OFF” Switch Hi-sa7/ees[ 23 | __*280c, 60C_ | -200 [+200 
Vp = -10V, Ven =08V 
All Unused Inputs = +10V HI-546/883 
Hi-547/683 "200 
Leakage Current From Vin elected Chan) = Vp = +10V 
an “ON” Driver Into Vg = Unused Inputs = -10V HI-546/883 +300 
the Switch (Drain) HI-547/883 +200 
“DON | Vin Goleced Ghan) = Vp = -10¥ 
Vg = Unused Inputs = +10V HI-546/883 +300 
HI-547/083 *200| nA 
Overvoltage Protected, IpD(OFF) | Vg =33V, Vp = OV, Ven = 0.8V +250C, +1259C, -559C | -2.0 | +2.0 
Leakage Current Into Overvoltage}| Vs applied at < 25% duty cycle 


the Drain Terminal of 
an "OFF” Switch 


mA 


Positive Supply Current Va = OV, Ven = 4.0V +259C, +125°C, -559C 2.0 
Negative Supply Current Va = OV, VEN = 4.0V +250C, +1259C, -55°9C | -1.0 


Standby Positive tIspy Va = OV, VEN = OV i a +250C, +125°C, -55°C 
Supply Current 


PBL >| 3p 


Vg = -33V, Vp = OV, VEN = 0.8V 1,2,3 +250C, +125°C, -55°C -2.0 +2.0 
Vg applied at < 25% duty cycle 


iy) 
oO 


Supply Current 

Switch “ON” Vg = 10V +250C | | 1500 

Resistance Ip = 100uA [23 (| +1250c,-5500_ |_| 1800 

‘Rpsi__| Vs =-10V Fo esc liees iee eeaete pad ost 1800] 0) 

Tope Levelvonage TV | Nowe? ss dees Dypnrcetaeee, peta | | 08 | | 
Vane Neen pf aan, syamne, come J 4; [|v 
7 Sa NG A 
aoa Lx aa a I ce a a 

Difference in switch (*RpsS1MAX) - (t*RpsiMIN) x 100 Ee carers meal 7 % 

“ON” Resistance +Rps1AVE 

Between Channels -ARps1 (-REpsiMAX) - (-RpsiMIN) x 100 1 +25°9C 7 % 

meager fo fee fd 


CAUTION: These devices are sensitive to electrostatic discharge. Proper IC handling procedures should be followed. 
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MULTIPLEXERS 


CMOS ANALOG 


HI-546/883 HI-547/883 


TABLE 2. A.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 


Devices Tested at *VSUPPLY = +15V, -VSUPPLY = -15V, VEN = 4.0V, Vref (Pin 13) = OPEN, Unless Otherwise Specified. 


A.C. PARAMETER SYMBOL 


Break-Before-Make 
Time Delay 


Propagation Delay 
Times: 

Address Inputs 

to 1/O Channel 
Times 


Enable to 1/O tON(EN) RL = 1k, Cy = 12.5pF 


tOFF(EN) RL = 1kQ, CL = 12.5pF 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


Characterized at *VSUPPLY = +15V, -VsuppLy =-15V, VEN = 4.0V, Vref (Pin 13) = OPEN, Unless Otherwise Specified. 


Capacitance: 
Address Input 


Capacitance: V+=V-=0V_ HI-546/883 


Output Switch 


Capacitance 
Input Switch 


Charge Transfer 
Error 


Off Isolation VEN = 0.8V, Ru = 1k 
CL = 15pF, Vs = 7VRMS 
f = 100kHz 


NOTES: 1. Used for forcing conditions for all DC Tests, unless otherwise specified. 


1 

2. To drive from DTL/TTL circuits, 1k pull-up resistors to +5.0V supply are recommended. 

3. VrRer = t10V. 

4. The parameters listed in this table are controlled via design or process parameters and are not directly tested. These parameters are 
characterized upon initial design release and upon design changes which would affect these characteristics. 


5. Worst case isolation occurs on channel 8B due to proximity of the output pins. 


TABLE 4. ELECTRICAL TEST REQUIREMENTS 


Group A Test Requirements 
Groups C & D Endpoints 


“PDA applies to Subgroup 1 only. No other subgroups are included in PDA. 


Interim Electrical Parameters (Pre Burn-in) 


Final Electrical Test Parameters 
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HI-546/883 HI-547/883 


Test Circuits 
INPUT LEAKAGE CURRENT Ip(OFF) Ig(OFF) 


V+ GND V- 
0 O O V+ GND v- 
C) 


VaL = 0.8V; VaH = 4.0V 
UNUSED INPUTS TO 
GROUND 


TRUTH TABLE 
VAL = 0.8V 
VaAH = 4.0V 


CMOS ANALOG 
MULTIPLEXERS 


Va = VEN = 0.8V 


TRUTH TABLE 
VAL = 0.8V 
VAH = 4.0V 


TRUTH TABLE 
VAL = 0.8V 
VAH = 4.0V 


SUPPLY CURRENTS CHARGE TRANSFER ERROR OFF CHANNEL ISOLATION 


V+ GND V- 
O GJ O 


(1) INCLUDES ALL FACTORS AND 
SCOPE OR VOLTMETER 
CAPACITANCE 


VEN = 4.0V 


VA=OV Ven =0V 
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H1I-546/883 HI-547/883 


Switching Waveforms 


BREAK-BEFORE-MAKE BREAK-BEFORE-MAKE 
DELAY (topEN) DELAY (topeNn) 


+15V Bas: Se ea 
4.0V y esa Ce Va INPUT Ee ae ee 
Baa089 26 om 
ADDRESS 

: a Pee ise 1 
OUTPUT A fi: 
50% 50% 7 

! 

—> 
tOPEN 


*SIMILAR CONNECTION FOR HI-547/883 


ACCESS TIME vs. ACCESS TIME 
LOGIC LEVEL (HIGH) 


ACCESS TIME 
4.0v ADDRESS 


+10V 
OUTPUT 
50% 
-10V 
OUTPUT 
5V/DIV. 


200ns/DIV. 


ENABLE DELAY ENABLE DELAY 
tON(EN): tOFF(EN) tON(EN): tOFF(EN) 


a ase | toFF 
| =a (EN) 


*SIMILAR CONNECTION FOR HI-547/883 100ns/DIV. 
ns 
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HI-546/883 HI-547/883 


Burn-I/n Circuits 


HI-546/883 HI-547/883 CERAMIC DIP 


+15V 


NC IN 8/8A 
IN 16/88 IN 7/7A 
IN 15/7B IN 6/6A 
| IN 14/68 
iN 13/58 
IN 12/48 
IN 11/3B 
IN 10/2B 
IN 9/18 
GND 
VREF 
A3/NC 


NOTES: 

R1, R2 = 10k + 5% 1/2 or 1/4W (per socket) 
C1, C2 = 0.01uF (per socket) or 0.14 (per row) 
D1, D2 = IN4002 (or equivalent) (per board) 


HI-546/883 HI-547/883 CERAMIC LCC 


CMOS ANALOG 
MULTIPLEXERS 


IN 16/8B NC NC/OUTB -V IN 8/8A 


IN 15/78 


IN 7/7A 


IN 6/6A 


IN 5/5A 


IN 4/44 


IN 3/3A 


IN 2/2A 


IN 1/1A 
EN i 


NOTES: +6V 
R1, R2 = 10k{2 + 5% 1/2 or 1/4W (per socket) 

C1, C2 = 0.01yF (per socket) or 0.14 (per row) 

D1, D2 = IN4002 (or equivalent) (per board) 
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H!-546/883 HI-547/883 


Schematic Diagrams 
ADDRESS INPUT BUFFER AND LEVER SHIFTER 


TTL REFERENCE CIRCUIT 


a 7 
| WF: 3 
l 
| R10 ; 
| | 
| ai ! 
ate | ce | 
04 | 
| | 
1 pA | 
| | 
Loc et ee 4 
LEVEL SHIFTER 
7 = = eee encel Oe ae eee Te Wea 8: te ce 7 
| 
| 
P | 
| | (te ty ay Lat oey al 
| LEVEL 
SHIFTED 
OVERVOLTAGE 7 ! 10 DECUCE 
PROTECTION ; ail ” m | 
(ee | 
1p , tpl He ; LEVEL 
' it R6 RB SHIFTED 
ce Mie ais So | ADDRESS 
co | TO DECODE 
| 
= GND | 
Ds cement LE cities sinc ccd Mecsas ee ge a ee ec we ee ie acd es red claes dsd) ei nde 4 


TO P CHANNEL 
DEVICE OF 
THE SWITCH 


TO N CHANNEL 
DEVICE OF 
THE SWITCH 


Ai OR Ay 


A2 0R Ag 


—_—————— 


A30RA3 


ENABLE 


Delete A3 or Ag Inputs for HI-547/883 


FROM 
DECODE 
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HI-546/883 HI-547/883 


Die Characteristics 


DIE DIMENSIONS: 83.9 x 159 x 19 mils TRANSISTOR COUNT: 
METALLIZATION HI-546/883 485 
Type: Al H1-547/883 485 
Thickness: 16kA + 2kA PROCESS: CMOS-DI 
GLASSIVATION DIE ATTACH 
Type: Nitride Material: Gold Silicon Eutectic Alloy 
Thickness: 7kA + 0.7kA Temperature: Ceramic DIP — 460°C (Max) 
WORST CASE CURRENT DENSITY: 1.4 x 109 A/cm2 Ceramic LCC — 420°C (Max) 


Metallization Mask Layout 
HI-546/883 HI-547/883 


CMOS ANALOG 
MULTIPLEXERS 


Ff [28 isso 2 ina f 
~V OUTA “v OUT B 


H!I-546/883 HI-547/883 


Packaging‘ 
28 PIN CERAMIC DIP 
1.440 
1.470 150 
.005 MIN “<1 aa 180 
225 MAX 
ip! 
.015 
060 c 
125 .098 MAX ~~/ 1s 
.180 016 | 


LEAD MATERIAL: Type B 
LEAD FINISH: Type A 
PACKAGE MATERIAL: Ceramic, 90% Alumina 
PACKAGE SEAL: 
Material: Glass Frit 
Temperature: 450°C + 10°C 
Method: Furnace Seal 


* INCREASE MAX LIMIT BY .003 INCHES 
MEASURED AT CENTER OF FLAT FOR 
SOLDER FINISH 


INTERNAL LEAD WIRE: 

Material: Aluminum 

Diameter: 1.25 Mil 

Bonding Method: Ultrasonic 
COMPLIANT OUTLINE: 38510 D-10 


28 PAD CERAMIC LCC 


PAD MATERIAL: Type C 
PAD FINISH: Type A 
FINISH DIMENSION: Type A 
PACKAGE MATERIAL: Multilayer Ceramic, 90% Alumina 
PACKAGE SEAL: 
Material: Gold/Tin (80/20) 
Temperature: 320°C + 10°C 
Method: Furnace Braze 


- ‘ in . j ae 8 
NOTE: All Dimensions are M , Dimensions are in inches. 
x 
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INTERNAL LEAD WIRE: 

Material: Aluminum 

Diameter: 1.25 Mil 

Bonding Method: Ultrasonic 
COMPLIANT OUTLINE: 38510 C-4 


t Mil-M-38510 Compliant Materials, Finishes, and Dimensions. 


wo HARRIS HI-546 


HI-547 


DESIGN INFORMATION Single 16/Differential 8 Channel CMOS Analog 
Multiplexers With Active Overvoltage Protection 


The information contained in this section has been developed through characterization by Harris Semiconductor and is 
for use as application and design data only. No guarantee is implied. 


Typical Performance Characteristics Unless Otherwise Specified: Ta = 25°C, VSUPPLY = +15V, 
VAH = t4V, VAL = 0.8V, VREF = Open 


ON RESISTANCE vs. ANALOG INPUT VOLTAGE LEAKAGE CURRENT vs. TEMPERATURE 
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ANALOG INPUT OVERVOLTAGE CHARACTERISTICS 


15 


TEMPERATURE — °C 


OUTPUT OFF 
L 


EAKAGE CURRENT iia) 

Ip (OFF) Se 
+16 «+180 «6«t2106 647 6427) 480 +3300 (+36 
Vin — ANALOG INPUT OVERVOLTAGE (VOLTS) 


OUTPUT OFF LEAKAGE CURRENT(nA) 


(ljj) ANALOG INPUT CURRENT (mA) 


ON CHANNEL CURRENT vs. VOLTAGE SUPPLY CURRENT vs. TOGGLE FREQUENCY 


1 — SWITCH CURRENT — mA 


10K 100K 
TOGGLE FREQUENCY — Hz 


CMOS ANALOG 
MULTIPLEXERS 


HI-548/883 
HI-549/883 


Single 8/Differential 4 Channel CMOS Analog 
Multiplexers With Active Overvoltage Protection 


f HARRIS 


January 1989 


Features 


e This Circuit is Processed in Accordance to Mil-Std- 
883 and is Fully Conformant Under the Provisions of 
Paragraph 1.2.1. 


¢ No Channel Interaction During Overvoltage 
e Guaranteed Ron Matching 

e 44V Maximum Power Supply 

e Break-Before-Make Switch’ 


e Analog Signal Range......... «= sessssssssssseeess +15V 
e Access Time (Max.) .......000. = —scunnnnaeeeeeeeeess 1.0us 
e Power Dissipation (Max.) .......0. © seeseesseseeseees 45mW 
Applications 


¢ Data Acquisition Systems 
¢ Control Systems 


e Telemetry 
Pinouts 
H11-548/883 (CERAMIC DIP) 
TOP VIEW 
Ag U1 Aj 
ENABLE C] 2 A? 
-VsupPLy Cj 3 GND 
IN1 CJ 4 +VSUPPLY 
IN2ULJ 5 IN 5 
IN3 CJ 6 ING 
IN4(C) 7 IN7 
OUT LJ 8 IN8 
H14-548/883 (CERAMIC LCC) 
TOP VIEW 
= 
fie fea = 
-VSUPPLY 8 | GND 
IN 1 +VSUPPLY 
NC NC 
IN 2 15 | IN 5 
IN3| 8 IN 6 


Description 


The HI-548/883 and HI-549/883 are analog multiplexers 
with Active Overvoltage Protection and guaranteed Ron 
matching. Analog input levels may greatly exceed either 
power supply without damaging the device or disturbing 
the signal path of other channels. Active protection circui- 
try assures that signal fidelity is maintained even under 
fault conditions that would destroy other multiplexers. 
Analog inputs can withstand constant 70 volt peak-to- 
peak levels with +15V supplies and digital inputs will 
sustain continuous faults up to 4 volts greater than either 
supply. In addition, signal sources are protected from 
short circuiting should multiplexer supply loss occur; 
each input presents 1k of resistance under this 
condition. These features make the HI-548/883 and 
HI-549/883 ideal for use in systems where the analog 
inputs originate from external equipment or separately 
powered circuitry. Both devices are fabricated with 44 
volt dielectrically isolated CMOS technology. The 
H|-548/883 is a 8 channel device and the HI-549/883 is a 
4 channel differential version. If input overvoltage 
protection is not needed, the HI-508/883 and HI-509/883 
multiplexers are recommended. For further information 
see Application Notes 520 and 521. 


H11-549/883 (CERAMIC DIP) 


TOP VIEW 
Ag) 1 Al 
ENABLE CJ 2 GND 
-VsupPLy CJ 3 +VSUPPLY 
IN1AC] 4 IN 1B 
IN2AC) 5 IN 2B 
IN3ACI6 IN 3B 
IN4AC)7 IN 4B 


OUTAC) 8 OUT B 


H14-549/883 (CERAMIC LCC) 
TOP VIEW 


ENABLE 


iw 


— 


{ 
L 


+VSUPPLY 
IN 1B 


-VSUPPLY 
IN 1A 

NC NC 

IN 2A 15 | IN 2B 


IN 3A 14] IN 3B 


IN 4B 
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Functional Diagrams 


HI-548/883 


DECODER/ 
DRIVER 


ISOLATION 


*DIGITAL INPUT PROTECTION 


HI-549/883 


DECODER/ 
DRIVE 


OVERVOLTAGE 
CLAMP & 5V LEVEL 
SIGNAL REF SHIFT 
ISOLATION 


*DIGITAL INPUT PROTECTION 
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HI-549/883 


TRUTH TABLES 


H1-548/883 
“ON” 
CHANNEL 
ES RAE PES Sat Ee 
X X X i. NONE 
i. L L H 1 
c L H H 2 
L H ‘. H 3 
L H H H “ 
H L L H 5 
H L H H 6 
H H i H 7 
H H H H 8 


Hi-549/883 


“ON” 
CHANNEL 


PAIR 


CMOS ANALOG 
MULTIPLEXERS 


Specifications HI-548/883 HI-549/883 


Absolute Maximum Ratings 


Voltage Between Supply Pins..................:scscssssssssscssccessecssscsececcssssacsceess 44V JUNGCHON: PERI OR ATG oj cceccensessavessssesterecsadfean tects tebaateatberndsiesteseicvessee +175°C 
PVG SEE TSCM aceitg cts ce riers tat co sdioanetcsr te Mat aacetlasannseas Dec engine 22V__—swr Thermal Resistance, Junction-to-Case (6jc) 
Me SGML AE UO Tet ea AIR Gc aoeatacosdanisadvonsstupdicatathapascaetoindicuen ay eieieietieeeu glia lees 25V COPING NPP EGG 55 saicun scx scsncotndsndsePSstaanssincenaniscnasjatesivease 26°C/W 
Analog Input Voltage CPI LISS CRAG « cassscancvevecscscssunssandacasgucvnstsdtacacondGosscdicopeonn 19°C/W 
NGS psnares so eenaliera vale ar agatan sles metiastp raul Sascesete yeas anWinnavacns *VSUPPLY t20V _—s Thermal Resistance, Junction-to-Ambient (6ja) 
GS cco tiidsatraniesiiiaved isananenecantmemmarcaer ee team sev cabseaesteste -VSUPPLY -20V CON ie AGG a aienaient crore tae geat rswot ei tapstanctianatetibissncrabe 80°C/W 
Digital Input Voltage GCOPRPTICFE CG PACKAGE ices os csecsescsuesisasvssansesdeniavsvectovonovuntcteescocsios 76°C/W 
PVN INA core eiicniennise RE OBR ARR sass casasatesnccsovinisnin *VSUPPLY *4V._— Power Dissipation (at 75°C) 
ON BEN) WA seskcawaencaicctet invtccedanannse thas penbina poh Paisaaddsdoceacareeatonse -VSUPPLY -4V COlAIG EP! PACKAGB icin cas. cdsnncy Wy sapscaserapbescadas seston Re aint sast 1.25W 
or 20mA, whichever occurs first. CeFAMIC ESC. PRCMRE Orta. i nn Loccacbstscascohodseencerbuessearehasreo davies 1.32W 
GOL UOuS Ceti OE sine ce Setcaisavs bass vesevsacelesisnce Mbasanesctemereecs 20mA Power Dissipation Derating Factor (Above +759C) 
Peak Current, S or D Ceramic: GlP Paokaees cco xcs baa vconchs nevsnceoss Aeon heave, 12.5mW/°C 
(Pulsed at 1ms, 10% Duty Cycle Max.) .........cccccccccceccessesesseeeseees 40mA Ceramic UCC PaGkage.a.i.f.....:2..cs0cscoeogesMercacternucciceee eho 13.2mW/°C 
Storage Temperature Range ................ccccccsscccssessscccsssesenes -65°C to +150°C ESD Classifications 2g 20i 5.56 ccc esssencstsocsvscondad ocetlccnecacnccleteGeekes <2000V 
Lead Temperature (Soldering 10 Seconds) .0.........cccccccecessecesseeeeeenee 275°C 
Recommended Operating Conditions 
Operating Temperature Range ..............cccccccesceessseeseeeeeeees -55°C to +125°9C EONS LOW Level (A: Vices cocci Pores Bansscssta egikabt easter OV to 0.8V 
Operating Supply Voltage (LVSUPPLy) -....-cececsccscescscescstesceseeceseseseees +15V LOGIC PUM. Lavell AY Wika) ies ccc Bees avsssdagecaycas eosssee Be tpeeenes +4V to *VsupPLy 
Analog Input VOIRAGE INS). 36.5.5 0...Gcczectesntebueasstenee desis ceasesetanronsne +VSUPPLY BASX- PINS CUR CIE, oO ltt es cade cececscsepnsomcininme eee ores seh acnvciin 8mA 
TABLE 1. D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 


Devices Tested at +VSUPPLY = *+15V, -VSUPPLY =-15V, VEN = 4.0V, Unless Otherwise Specified. 


GROUP A LIMITS 
D.C. PARAMETERS | SYMBOL CONDITIONS SUBGROUPS TEMPERATURE _| MIN | MAX | UNITS 


Input Leakage Current Measure Inputs Sequentially, +259C, +1250C, -55°C 
Connect All Unused Inputs to GND +259C, +1250C, -559C 
Leakage Current Into *IS(OFF) Vg = +10V, Vp = -10V, Ven = 0.8V 


Ail Unused Inputs = -10V 


-IS(OFF) Vs = -10V, Vp = +10V, VEN = 0.8V 
All Unused Inputs = +10V 
*ID (OFF) Vp = +10V, Ven = 0.8V 
All Unused Inputs = -10V HI-548/883 
HI-549/883 
-ID(OFF) 
*ID(ON) 
-ID(ON) 


ID(OFF) 
Overvoltage 
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an“OFF” Switch 
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Leakage Current Into 


the Drain Terminal of 
an “OFF” Switch 


ie) 
1e*) 
- 
= 
nm 
oO 
2) 
oO 
on 
on 
ie) 
O 
E 
_ 
oO 
oO 
+ 
mary 
E 
oO 
=) 
> 


Vp = -10V, VEN = 0.8V 
All Unused Inputs = +10V HI-548/883 
H1-549/883 


Le) 
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Leakage Current From Vs = Vp =+10V 
All Unused Inputs = -10V HI-548/883 


HI-549/883 


) ho 
oo wo 
+ + 
atk —_ 
tO tO 
a On 
° le) 
(@) O 
1 ! ' ! i ' ! ' 

on on 
on on 
fe) fo) 
QO QO 
! 

ne) nh 
oO ° 
E 8 
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o}|° ro) 
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an “ON” Driver Into 
the Switch (Drain) 


2 
2 


ine) 
w 


1 
1 
1 
1 
1 
1 


n 
“12506, -5500 
+1259C, -55°C +100 


.+250C, +125°C, -55°9C 


+250C, +1259C, -559C 


Vs= Vp = -10V 
All Unused Inputs = +10V HI-548/883 
HI-549/883 


Vg = 33V, Vp = OV, Ven = 0.8V ee: 
the Drain Terminal of Vs = -33V, Vp = OV, Ven = 0.8V 24 


Va= OV, Ven = 4.0V 1,2,3 
Negative Supply Current Va = OV, Ven = 4.0V nee 


Supply Current 
Supply Current 
Switch “ON” +Rps1 Vs =10V 
-Rps1 Vs=-10V 
a ee 
123 


1.2.3 


Difference in switch +ARps1 (*Rps1MAX) - (+Rps1MIN) x 100 1 


3 
3 
3 


’ a nA 
+1259C, -55°C +100 | nA 
A 

A 


2 


3 
> 


i) - 
wo 


+ 
ine) 
oO 

fe) 
© 
a 
ie] 
ao 

oO 
i?) 
on 
ao 

je) 
i?) 
rh 
i=) 

+ 
nm 

E 
14515 


Overvoltage Protected, 


Leakage Current Into 


Ss 
2506, 12500, 6506 [10 |_| 


+250C, +1250C, -550C | -1.0 ror 


ea a 


+1259C, -55°C 


[1280-556 | 
ae a a8 
3 as 

rao] 


1 
2,3 


E 
So 
oO 
3 
SSS OBIS) = 


“ON” Resistance 


Between Channels 


+Rps1iAVE 
-ARps1 


(-Rps1MAX) - (-RpsiMIN) x 100 1 
-Rpsi1AVE 
NOTES: 1. Used for forcing conditions for all DC tests unless otherwise specified. 
2. To drive from DTL/TTL circuits, 1k pull-up resistors to +5.0V supply are recommended. 


CAUTION: These devices are sensitive to electrostatic discharge. Proper IC handling procedures should be followed. 
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TABLE 2. A.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 


Devices Tested at *VsuppLy = +15V, -VSUPPLY =-15V, VEN = 4.0V, Unless Otherwise Specified. 
LIMITS 


A.C. PARAMETERS | SYMBOL CONDITIONS SUBGROUP TEMP Sowin | MAX UNITS 
tp 


Break-Before-Make +250C 25 
Time Delay 
te ie 


10, 11 +1250C, -55°C Pee 1000 ia 


Ru = 1k9, CL = 12.5pF 


Propagation Delay Riu = 10M, CL = 14pF 
Times: 
Address Inputs to 


1/O Channel Times 


Enable to I/O tON(EN) 


tOFF(EN) 


ta 


Ry = 1k, Cy = 12.5pF 


Ry = 1k0, CL = 12.5pF 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


Characterized at +VgyppLy = +15V, -VSUPPLY = -15V, VEN = 4.0V, Unless Otherwise Specified. 


PARAMETER SYMBOL CONDITIONS 


Capacitance: Ca 8 2 
Address Input - x 
24 
Capacitance: Cos V+=V-=0V_ HI-548/883 = = 
Output Switch f = 1MHz HI-549/883 os 
Of 


Capacitance 
Input Switch 


Charge Transfer Vs = GND 
Error VGEN = OV to SV, 
f = 200kHz 


VEN = 0.8V, Ru = 1kO 
Cy = 15pF, Vs = 7VRMS 
f = 100kHz 


NOTES: 3. The parameters listed in this table are controlled via design or process parameters and are not directly tested. These 
parameters are characterized upon initial design release and upon design changes which would affect these characteristics. 


4. Worst case isolation occurs on channel 4 due to proximity of the output pins. 


TABLE 4. ELECTRICAL TEST REQUIREMENTS 


7 


*PDA applies to Subgroup 1 only. No other subgroups are included in PDA. 


SUBGROUPS (SEE TABLES 1, 2 & 3) 


CAUTION: These devices are sensitive to electrostatic discharge. Proper !C handling procedures should be followed. 
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Test Circuits 
INPUT LEAKAGE CURRENT 


V+ GND V- 
O 


VAL = 0.8V; Vay =4.0V 
UNUSED INPUTS TO 
GROUND 


Ip(ON) 


TRUTH TABLE 
VAL = 0.8V 
VAH = 4.0V 


SUPPLY CURRENTS 


- VEN = 4.0V 
VA=OV Ven =0V 


HI-548/883 HI-549/883 


Ip(OFF) Ig(OFF) 


V+ GND V- 


e 's(OFF) 


TRUTH TABLE 
VAL = 0.8V 
VAH = 4.0V 


ia : “ 
Ip 
VAL = 0.8V 
VAH = 4.0V 
CHARGE TRANSFER ERROR OFF CHANNEL ISOLATION 
V+ GND V- 
v+ GND y- VY O 
O O 
© OUT 
15pF (1) 


(1) INCLUDES ALL FACTORS AND 
SCOPE OR VOLTMETER 
CAPACITANCE 
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Switching Waveforms 


BREAK-BEFORE-MAKE BREAK-BEFORE-MAKE 
DELAY (topen) DELAY (topEeN) 
4.0V “— 
| | ADDRESS “VA INPUT 
ov DRIVE (Va) re el 2V/DIV. 
OUTPUT | cCH1ON F cHeon | | 
50% 50% Hid 
ivi Mme Ye «: OUTPUT rea 
A — 


epee pene ested 


* SIMILAR CONNECTION FOR HI-549 = 100ns/DIV 


ACCESS TIME ACCESS TIME 


+15V 
O 


4.0V 


ADDRESS 
DRIVE (Va) 
50% 
OV 


Lidhedo chathaeds | | | 1 
7 tare TN Ld. 
‘ee ie ee ee 
TSS es ae 
le Ce ee ee 
tT eee Ho 
LN ht aes |e 
| | LN] £ coonf | | | 


200ns/DIV. 


MULTIPLEXERS 


CMOS ANALOG 


ENABLE DRIVE ENABLE DELAY ENABLE DELAY 
tON(EN): tOFF(EN) tON(EN): tOFF(EN) 


+15V 
O 


fossa htt 
a 


2V/DIV. a 


100ns/DIV. 


* SIMILAR CONNECTION FOR HI-549 
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Burn-In Circuits 


HI-548/883 CERAMIC DIP H1-548/883 CERAMIC LCC 


NOTES: NOTES: 

R1 = 10kN + 5% 1/2 or 1/4W (per socket) R1 = 10k + 5% 1/2 or 1/4W (per socket) 

C1, C2 = 0.01uF (per socket) or 0.1uF (per row) C1, C2 = .01uF (per socket) or 0.1uF (per row) 

D1, D2 = IN4002 (or equivalent) (per board) D1, D2 = IN4002 (or equivalent) (per board) 
HI-549/883 CERAMIC DIP HI-549/883 CERAMIC LCC 


NOTES: NOTES: 

R1, R2 = 10kN + 5% 1/2 or 1/4W (per socket) R1, R2 = 10k + 5% 1/2 or 1/4W (per socket) 
C1, C2 = 0.01uF (per socket) or 0.1uF (per row) C1, C2 = 0.01uF (per socket) or 0.1uF (per row) 
D1, D2 = IN4002 (or equivalent) (per board) D1, D2 = IN4002 (or equivalent) (per board) 
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Schematic Diagrams 
ADDRESS INPUT BUFFER AND LEVER SHIFTER 


TTL REFERENCE CIRCUIT 
| ae = ep ee ow ee eee a= ae 


V+ 
e R10 
ai 


re == ae «<= a» -a 


Ec 
= 
Fs 

Sh 
i 
L 

wep tT 
weet 
ey 
E 


Soe Pale 

Bay ll ni 
ee tHe | 8 | eek eed 

pp Ld 


ADDRESS DECODER 


V+ 
O 


TO P-CHANNEL 
DEVICE OF 
THE SWITCH PAIR 


MULTIPLEXERS 


CMOS ANALOG 


Ay OR Ay TO N-CHANNEL 


DEVICE OF 
THE SWITCH PAIR 


A2 OR A2 


ENABLE 


Delete Ap or Ap input for HI-549/883 


ecove > 


— ee 


| 
| 
| 
= 


pecope > 
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Die Characteristics 


DIE DIMENSIONS: 83 x 108 x 19 mils TRANSISTOR COUNT: 
METALLIZATION H1-548/883 253 
Type: Al H1-549/883 253 
Thickness: 16kA + 2kA PROCESS: CMOS-DI 
GLASSIVATION DIE ATTACH 
Type: Nitride Material: Gold Silicon Eutectic Alloy 
Thickness: 7kA + 0.7kA Temperature: Ceramic DIP — 460°C (Max) 
WORST CASE CURRENT DENSITY: 1.4 x 109 A/cm2 Ceramic LCC — 420°C (Max) 


Metallization Mask Layout 
HI-548/883 HI-549/883 


ING IN7 IN8 OUT IN4_  IN3 r IN3B IN4B OUTB OUTA IN4A IN3A 


110 | HAGRIS | 8 
i TT Sea ae 


NOTE: Pad Numbers Correspond to DIP Pin Numbers Only 


HI-548/883 HI-549/883 


Packaging' 
16 PIN CERAMIC DIP 
.265 
.005 MIN a 
.200 MAX 
.015 
060 
A209 
.180 
* INCREASE MAX LIMIT BY .003 INCHES 
MEASURED AT CENTER OF FLAT FOR 
SOLDER FINISH 
LEAD MATERIAL: Type B INTERNAL LEAD WIRE 
LEAD FINISH: Type A Material: Aluminum 
PACKAGE MATERIAL: Ceramic, 90% Alumina Diameter: 1.25 Mil 
PACKAGE SEAL Bonding Method: Ultrasonic 
Material: Glass Frit COMPLIANT OUTLINE: 38510 D-2 


Temperature: 450°C + 10°C 
Method: Furnace Seal 


20 PAD CERAMIC LCC 


.003 .075 
.015 “095 


-006 

022 

.022 . 342 
.028 : 358 


PAD MATERIAL: Type C INTERNAL LEAD WIRE 
PAD FINISH: TypeA Material: Aluminum 
’ FINISH DIMENSION: Type A Diameter: 1.25 Mil 
PACKAGE MATERIAL: Multilayer Ceramic, 90% Alumina Bonding Method: Ultrasonic 
PACKAGE SEAL COMPLIANT OUTLINE: 38510 C-2 


Material: Gold/Tin (80/20) 
Temperature: 320°C + 10°C 
Method: Furnace Braze 


Min 
NOTE: All Dimensions are ——. Dimensions are in inches. + MIL-M-38510 Compliant Materials, Finishes & Dimensions. 
ax 
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CMOS ANALOG 


MULTIPLEXERS 


HI-548 
: didiutabaiees HI-549 


DESIGN INFORMATION Single 8/Differential 4 Channel CMOS Analog 
Multiplexers With Active Overvoltage Protection 


The information contained in this section has been developed through characterization by Harris Semiconductor and is 
for use as application and design data only. No guarantee is implied. 


Typical Performance Characteristics Unless Otherwise Specified: Ta = 25°C, VsyppLy = £15V, 
VAH = *4V, VaL = 0.8V 
ON RESISTANCE vs. ANALOG INPUT VOLTAGE LEAKAGE CURRENT vs. TEMPERATURE 


100nA 


PP Seto eee 
, Ca a GE ces ee 
ie os ek i ee ee 


On Resistance (k22) 


VIN - Analog Input (Volts) 


Temperature (0C) 


ANALOG INPUT OVERVOLTAGE CHARACTERISTICS ON CHANNEL CURRENT vs. VOLTAGE 


1 - Switch Current (mA) 


-_- 
<x 
Ee 
_— 
~~ 
Cc 
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~ 
Ss 
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_ 
co 
ce 
 § 
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OUTPUT OFF 
LEAKAGE CURRENT 
Ip(OFF) 


+15 +18 +21. «+24 +27. = 30 


Vin -Analog Input Overvoltage (Volts) ee 


SUPPLY CURRENT vs. TOGGLE FREQUENCY 


VsuPPLy = +15 
VsuPPLY = +10V j 


I+ -Supply Current (mA) 


HI-1818A/883 
W@ HARRIS HI-1828A/883 


Low Resistance Single 8/Differential 4 Channel 
July 1987 CMOS Analog Multiplexers 


Features Description 

The HI-1818A/883 and HI-1828/883 are monolithic high 
performance CMOS analog multiplexers offering built-in 
channel selection decoding plus an inhibit (enable) input 
for disabling all channels. Dielectric Isolation (DI) pro- 


e This Circuit is Processed in Accordance to Mil-Std- 
883 and is Fully Conformant Under the Provisions of 
Paragraph 1.2.1. 


e Low On Resistance (Max. Over Temp.)...........2+0++ 5001) ie. Se 
: cessing is used for enhanced reliability and performance 
e Wide Analog Signal Range .............ssssssssenereeeeneeees +15V (see Application Note 521). Substrate leakage and para- 
e Very Low Power Consumption... <30mW _ sitic capacitance are much lower, resulting in extremely 
e Access Time (Max. Over Temp.) .......::::cceeeeeeeeees 1000ns ___low static errors and high throughput rates. Low output 
e Break-Before-Make Switching leakage (250nA max.) and low channel ON resistance 
(5009 max.) assure optimum performance in low level or 
. current mode applications. 
Applications | 


The HI-1818A/883 is a single-ended 8 channel multi- 
plexer, while the HI-1828A/883 is a differential 4 channel 
version. Either device is ideally suited for medical instru- 
¢ Demultiplexing mentation, telemetry systems, and microprocessor based 
Selector Switch data acquisition systems. 


Data Acquisition Systems 
Precision Instrumentation 


To  —————— 


Pinouts 


H11-1818A/883 (CERAMIC DIP) HI1-1828A/883 (CERAMIC DIP) 
TOP VIEW TOP VIEW 


ADDRESS Aq |} 1 16 || ADDRESS Ag ADDRESS Aj |} 1 16] | ADDRESS Ag 
+5.0V SUPPLY |] 2 15 || 


-VSUPPLY +5.0V SUPPLY || 2 15|| -VSuPPLY 
141] +VsupPLy ENABLE || 3 141] +VsupPLy 
ADDRESS Az [| 4 131] IN4 OUT5 THRUS || 4 


12|] OUT 1 THRU 4 


H14-1818A/883 (CERAMIC LCC) HI4-1828A/883 (CERAMIC LCC) 
TOP VIEW TOP VIEW 


+5V Az NC Ag -VSUPPLY +5V Ay NC Ag -VSUPPLY 


' 
L 
ts 


ENABLE +VSUPPLY ENABLE +VSUPPLY 


A2 IN 1 OUTPUT 5 THRU 8 IN 1 


NC NC 


OUTPUT 1 THRU 4 


IN 2 


IN7 


rev eruerny £74 r-arcy eeerny 774 
e100 178 012¢ «8138 198 o10¢ 0118 0128 


INS NC IN4 ING INS NC IN4 IN3 
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HI-1818A/883 


Functional Diagrams 


HI-1818A/883 


DIGITAL ADDRESS 


HI-1828A/883 


ENABLE 
Ao¢ A1o A2o * 
Ga Ps 
ENABLE 
ADDRESS 
INPUT oy ae | ei BUFFER MULTIPLEX 
BUFFERS SWITCHES > INI 
ia x sazs 
RAE AAAS 5 RS CAE Bk o OUT 
Ate Seat o INS 
H1I-1828A/883 
has a ENABLE 
ENABLE 
ADDRESS 
ooness | |) | (yi) aureen 
BUFFERS MULTIPLEX 
SWITCHES IN1 


DECODERS 


> OUT 1-4 


el 


> OUT 5-8 


ei. 
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TRUTH TABLES 


HI-1818A/883 


ADDRESS “ON” 
Ay Ag EN] CHANNEL 


Fe a: ce eek See RS ee 
> A RR Wes ee? re a GR a 
ree ee a re 
Sore. hee ewe 


HI-1828A/883 


ADDRESS “ON” 
A; Ag EN | CHANNELS 
t) SEI FG GL | 4 ee 


Specifications HI-1818A/883 HI-1828A/883 


Absolute Maximum Ratings 


Voltage Between Supply PINS............::cecceeeeseeseesseseesseeseesseesees 40V ~ JUNCTION TOMPOCrature...........00. cc cesccsscssrecessserasessssscssrseateres +175°9C 
tVSUPPLY tO Ground ........ cece teseeeseesseetstestnsetsetseseenseneenenees 20V_—si Thermal Resistance, Junction-to-Case (6jc) 
-VSUPPLY tO Ground... cccceceeeeeeeeseseseseensestseesessnetssessenenenenty 20V OCeramiio DIP PACKAGE sacs ccccsscsisvasssnetectenerscSesasissesaexcoues 35°9C/W 
Vp tOGIND ionic ie encesciecesanesessncescessenenscsensnsnsesezesesaesserseents 30V Ceramic GG Packages.c:::iccccinciga niacin 250C/W 
Analog Input Voltage Thermal Resistance, Junction-to-Ambient (6ja) 
WS cicsnetans a Fiabatian cael Gast aucuakinensdaatodapianenite +VSUPPLY *2V Ceramic: DIP PACKAGO s.cisesciccceeniessoverqrnscssessestisnsasnnsnect 90°C/W 
OS ios ci bid casvosrectatbeccnterosperesghansrsiadninrapnnscoasoynrss -VSUPPLY -2V CGTatINe LOC PACKAQC i iiccnecaccessnesatniquesinccetteanteuereror: 839C/W 
Digital Input Voltage Power Dissipation (@ 75°C) 
PN E, PV acsnntnnstncd cedasde snancnqsaneusBneetnsnetsts steaavencagrinree +VSUPPLY CBramMil DIP. PACKANIE 4.......cc0scicccessevsiiersannsscvuebecsendtzevercth 1.11W 
OVER) VA Shescnesestecdeosesananenconsnavsnasstive cncesoaneciventesenganerss -VSUPPLY Coramic LCC Packa@G’.......ccc.cnessssadtecnsssevanenctnscenadenigeree 1.20W 
Continueus Current, SOF Disiaiccc casein 20mA__— Power Dissipation Derating Factor (Above +75°C) 
Peak Current, S or D (Pulsed at 1ms, 10% Duty Cycle Max.) .....40mA GGraMic. DIP ACKAGS fuiceiecsvasnigetsnnanssedisvecererqnasiggety 11.1mW/°C 
Storage Temperature Range............c-cceeeeeee -65°9C to +150°C CSLANG ECC PaO MAGS siiivassncccaansasucrcdsaonsetreverccsional 12.0mW/°C 
Lead Temperature (Soldering 10 Seconds) .............:eeee FPSO. ESO Cle SGiHiCAtlONy -oscsiicsscdntvesnxsrascsactenacuccngervensrersaerctecemnentes < 2000V 
Recommended Operating Conditions 
Operating Temperature RANge...........ccccseesceseees -559C to +1250C Logic High Level (VAH) «-.--.-- eesti 4.0V to *VSUPPLY 
Operating Supply Voltage (LVSUPPLY) ----.--:eseeeeeceeeseeeees +15V 5. OV Supply (VL) .eeeeeeeceeseseseeeesessssereseeeessneseseeeeneneneneretanacaens +5.0V 
Analog Input Voltage (VS) ....:ss:ssssssssesseeeseesserseesseen +VSUPPLY MAX AMS CulfGiit; SOF Dooce in ceccccsossansevesesesrenatucnserecnanns 11mA 
Logic Low Level (VAL) «..-::eessceeesertsesseeseeeeessseeseeseeenes OV to 0.4V 


TABLE 1. D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 
Devices Tested at *VSUPPLY = *15V, -VSUPPLY = -15V, VEN = 0.4V, VL = +5V Unless Otherwise Specified. 


GROUP A 
D.C. PARAMETERS SYMBOL CONDITIONS SUBGROUPS | TEMPERATURE UNITS 
Connect all Unused Inputs to GND -55°C 
Ne Measure Inputs Sequentially, Iy.22 +259C, +1259C, -1.0 1.0 
Connect all Unused Inputs to 5V -55°C 
Vg = +10V, Vp = -10V, VER = 4.0V 0] +9 
All Unused Inputs = -10V [23 _—*|-+1250C, -55°C_| -50__ | +50_| 


Ea 


Leakage Current Into 
the Source Terminal of 
an“OFF” Switch 


| 


3 
> 


= 


Leakage Current Into 
the Drain Terminal of 
an “OFF” Switch 


Vp = +10V, VEN = 4.0V 
All Unused Inputs = -10V HI-1818A/883 
HI-1828A/883 


Vp = -10V, VEN = 4.0V 
All Unused Inputs = +10V HI-1818A/883 
HI-1828A/883 


Leakage Current From 
an “ON” Driver Into 
the Switch (Drain) 


Vs = Vp = +10V, VEN = 0.4V 
All Unused Inputs = -10V HI-1818A/883 
HI-1828A/883 


10 | +0 
*ID(ON) 


+1250C, -850C_| -250 
+125°C, -850C 
I(+) VEN = 0.4V, 1,2,3 +25°C, +1250C, , 
VAL = 0.4V, Van = 4.0V -55°C 
\(-) VEN = 0.4V 1,2,3 +250C, +125°C, -1.0 
Current Va = 0.4V, VAH = 4.0V -§5°C 


m 


oO 
Lon) 


3 


3 


ne ee Se 
+1250C, -550C nA 
Logic Supply I VEN = 0.4V 1,2,3 +259C, +125°C 1,0 
Current VaL = 0.4V, VAH = 4.0V -55°C 
Switch “ON *Rpsi__| Vs = 10V eaittahets bees BBP tol ay gtd 600 | 
Resistance ee 


Ip = 1mA 


-10 
r 


“506, 5506 | 250 | 250 [nA 
Ip =-1mA 


772506, 6500 nA 
VAH Applied to all Digital Inputs for all 5 ee +259C, +125°C, 4.0 
DC Tests -55°C 


Vg = -10V, Vp = +10V, VEN = 4.0V 
*ID(OFF) 
Vg =Vp =-10V, VEN = 0.4V nA 
CAUTION: These devices are sensitive to electrostatic discharge. Proper IC handling procedures should be followed. 


All Unused Inputs = +10V +1250C, 65°C | -50 | +50 
-ID(OFF) 
All Unused Inputs = +10V HI-1818A/883 +1250C, -55°C nA 
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Logic Level Voltage 


¢ 


CMOS ANALOG 


MULTIPLEXERS 


HI-1818A/883 HI-1828A/883 


TABLE 2. A.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 


Devices Tested at *VgUPPLY = +15V, -VsuPPLy =-15V, VEN =0.4V, VL = +5V Unless Otherwise Specified. 


GROUP A 
SUBGROUP 


Break-Before-Make 
Time Delay 


ta | RL=toma,c,=125pF | 9 | easec, | — | 500 | ns | 
10, 11 +1250C, -550C Ee 1000 — 


Propagation Delay 
Times: 

Address Inputs to 
1/0 Channel Times 


Enable to |/O 


tOFF(EN) R- = 2000, Ci = 12.5pF 10, 11 +1250C, -55°C 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


Devices Characterized at *VsUppLy =+15V, -VsupPLy =-15V, VEN =0.4V, VL = +5V Unless Otherwise Specified 


| PARAMETERS SYMBOL 
Ca 


Capacitance: 
Address 


V+ =V- =OV, f = 1MHz 


Capacitance: Cos V+ =V-=0V,f=1MHz HI-1818A/883 
Output Switch 
HI-1828A/883 


Charge Transfer Vs = GND, VGEN = OV to 5V 
Error 


Off Isolation VEN = 4.0V, RL = 1k, 
Ci = 15pF, Vs = 7VRMS, 
f = 100kHz 


NOTE: 1. The parameters listed in this table are controlled via design or process parameters and are not directly tested. These parameters are 
characterized upon initial design release and upon design changes which would affect these characteristics. 


TABLE 4. ELECTRICAL TEST REQUIREMENTS 


MIL-STD-883 TEST REQUIREMENTS SUBGROUPS (SEE TABLES 1, 2 & 3) 


| 


*PDA applies to Subgroup 1 only. No other subgroups are included in PDA. 


CAUTION: These devices are sensitive to electrostatic discharge. Proper IC handling procedures should be followed. 
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HI-1818A/883 HI-1828A/883 


Test Circuits 
INPUT LEAKAGE CURRENT 


v+ GND v- 


VIL = 0.4V, Vip = 4.0V 
UNUSED INPUTS TO 
GROUND/5V 


IS(OFF) 


TRUTH TABLE 
L=0.4V 
H=4.0V 


Rps 


V+ GND V- 


TRUTH TABLE 
L=0.4V 
H = 4.0V 


ID(OFF) 


V+ GND V- 


a V 
TRUTH TABLE 
L=0.4V 
H = 4.0V 


TRUTH TABLE 
=0.4V 
H = 4.0V 


SUPPLY CURRENTS 


V+ GND V- 


VA = OV Ven = 0.4V 
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Switching Waveforms 


ADDRESS DRIVE 


4.0V 


ADDRESS 
ov DRIVE(Va) 


ADDRESS DRIVE 


OUTPUT 


ENABLE DRIVE 


VAH = 4.0V 


HI-1818A/883 HI-1828A/883 


BREAK-BEFORE-MAKE 
DELAY (topeN) 


*Similar Connection for HI-1828A/883 


ACCESS TIME 


a eee 


*Similar Connection for HI-1828A/883 


ENABLE DELAY 
tON(EN): tOFF(EN) 


12.5pF 


*Similar Connection for HI-1828A/883 
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BREAK-BEFORE-MAKE 
DELAY (topeN) 


100ns/DIV 


ACCESS TIME 


Li's! JZSIEEE 
BEBE ®s aie 
BEZEE 2 
a 
Ba eS Se ee ae 
BRED a 
| fom RS vy TFT 
ead See 


100ns/DIV 


+5V 


ENABLE DELAY 
tON(EN): tOFF(EN) 


Sor? 

Fe a a 

alte? ci 
DRIVE 

Noe 


2V/DIV 
ats eel 4 


50ns/DIV 


HI-1818A/883 HI-1828A/883 


Burn-Iln Circuits 


HI-1818A/883 CERAMIC DIP HI-1828A/883 CERAMIC DIP 


+5V +5V 


Al 
VL 
EN 


© +15V 
D3 


IN 8 
IN7 


IN 6 IN 3 
i | 


= ee 


NOTES: NOTES: 

Ry = 20kN + 5%, 1/2 or 1/4W (per socket) Ry, Ro = 20kN + 5%, 1/2 or 1/4W (per socket) 

C4, Co, Cg = 0.01uF (per socket) or 0.1uF (per row) Cz, Co, Cz = 0.01uF (per socket) or 0.1uF (per row) 

Dz, Do, D3 = IN4002 (or equivalent) (per board) Dz, Do, Dg = IN4002 (or equivalent) (per board) 
HI-1818A/883 CERAMIC LCC HI-1828A/883 CERAMIC LCC 


+5V +5V 


+5V © 0 -15V 


C1 


CMOS ANALOG 
MULTIPLEXERS 


Ve AI ONC 


+5V 0 


+5V 0 D3 


IN7 
ING INS NC 


IN4 IN3 


NOTES: NOTES: 

Ry = 20k + 5%, 1/4 or 1/2W (per socket) Ry, Ro = 20kN + 5%, 1/4 or 1/2W (per socket) 

C3, Co, Cg = 0.01uF (per socket) or 0.1uF (per row) C1, Co, Cg = 0.01uF (per socket) or 0.1uF (per row) 
Dz, Do, Dg = IN4002 (or equivalent) (per board) Dy, Do, Dg = IN4002 (or equivalent) (per board) 
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Schematic Diagrams 


ADDRESS INPUT BUFFER 


All N-Channel Bodies to V- 
All P-Channel Bodies to V+ 
Unless Otherwise Indicated 


ADDRESS 
INPUT 


TO? 
P CHANNEL 
SWITCH 

' 


All N-Channel Bodies to V- | 
All P-Channel Bodies to V+ 10 


Ag or Ap not used for HI-1828A/883 N CHANNEL 
SWITCH 
‘ 


IN SWITCH CELL | 


MULTIPLEX SWITCH 


FROM DECODE 


All N- Channel Bodies to V- 
All P- Channel Bodies to V+ 
Unless Otherwise Indicated 


FROM DECODE 
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Die Characteristics 


DIE DIMENSIONS: 67.7 x 103.5 x 19 mil TRANSISTOR COUNT: 
METALLIZATION HI-1818A/883 210 
Type: Al HI-1828A/883 210 
Thickness: 16kA + 2kA PROCESS: CMOS-DI 
GLASSIVATION DIE ATTACH 
Type: Nitride Material: Gold Silicon Eutectic Alloy 
Thickness: 7kA + 0.7kA Temperature: Ceramic DIP — 460°C (Max) 
WORST CASE CURRENT DENSITY: 1.43 x 105 A/cm2 Ceramic LCC — 420°C (Max) 


Metallization Mask Layout 
HI-1818A/883 HI-1828A/883 


VL Aj AO _ VL 


Td -VSuPPLy 2 hail Oo, ag a a 
La! 


Ey -15VSUPPLY 


no | is TH +Vsuppcy stunus © iE} +Vsuppty 
cr’ he rt 
= A igs Et ey IN 1 
a — | 13 =e 

oo — a i fed OutPuT ine E | EJ out i THRU 4 
2 
<a 
ae 
On 
= 
Os 


jwpoe 


IN 6 ne IN4 IN3 IN2 ING IN5 


NOTE: Pad Numbers Correspond to DIP Pin Numbers Only 
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Packaging‘ 


16 PIN CERAMIC DIP 


265 


| Ages Aar 


15° 
.015 


* INCREASE MAX LIMIT BY .003 INCHES 
MEASURED AT CENTER OF FLAT FOR 


SOLDER FINISH 
LEAD MATERIAL: Type B INTERNAL LEAD WIRE: 
LEAD FINISH: Type A Material: Aluminum 
PACKAGE MATERIAL: Ceramic, 90% Alumina Diameter: 1.25 Mil 
PACKAGE SEAL: Bonding Method: Ultrasonic 
Material: Glass Frit COMPLIANT OUTLINE: 38510 D-2 


Temperature: 450°C + 100°C 
Method: Furnace Seal 


20 PAD CERAMIC LCC 


-342 
.358 


006 

: .022 ‘ 

| .022 | 
.028 
.045 


055 
PAD MATERIAL: Type C INTERNAL LEAD WIRE: 
PAD FINISH: Type A Material: Aluminum 
FINISH DIMENSION: Type A Diameter: 1.25 Mil 
PACKAGE MATERIAL: Multilayer Ceramic, 90% Alumina Bonding Method: Ultrasonic 
PACKAGE SEAL: COMPLIANT OUTLINE: 38510 C-2 


Material: Gold/Tin (80/20) 
Temperature: 320°C + 10°C 
Method: Furnace Braze 


Min 
NOTE: All Dimensions are Maa . Dimensions are in inches. Tt MIL-M-38510 Compliant Materials, Finishes & Dimensions. 
ax 


5-90 


G? HARRIS HI-1818A 
HI-1828A 


DESIGN INFORMATION Low Resistance Single 8/Differential 4 Channel 
CMOS Analog Multiplexers 


The information contained in this section has been developed through characterization by Harris Semiconductor and is 
for use aS application and design data only. No guarantee is implied. 


Typical Performance Characteristics 
ON RESISTANCE vs. ANALOG SIGNAL LEVEL ON CHANNEL CURRENT vs. VOLTAGE 


SWITCHING CURRENT - mA 


ON RESISTANCE - OHMS 


MULTIPLEXERS 


CMOS ANALOG 


V1- SIGNAL LEVEL (VOLTS) VOLTAGE ACROSS SWITCH 


LEAKAGE CURRENT vs. TEMPERATURE 


100nA = 


— 1p (ON) =Ip(OFF) 
____ HI -1818A 


TEMPERATURE -°C 
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Data Conversion 


Products 


DATA CONVERSION PRODUCT DATA SHEETS 

Digital to Analog 

HI-562A/883 12-Bit High Speed Monolithic Digital-to-Analog Converter ......... eee eee eee 
HI-565A/883 _. High Speed, Monolithic Digital-to-Analog Converter With Reference............ 
HI-5687V/883 Wide Temperature Range Monolithic 12-Bit Digital-to-Analog Converter ........ 
Analog to Digital 

HI-574A/883 Fast, Complete 12-Bit A/D Converter With Microprocessor Interface ............ 
HI-674A/883 Fast, Complete 12-Bit A/D Converter With Microprocessor Interface ............ 
HI-774/883 Fast, Complete 12-Bit A/D Converter With Microprocessor Interface ............ 
Telecommunication 

HC-55564/883 Conitinuously Variable Slope Delta-Modulator (CVSD) ...... 0. cece ee eee eee eee 


ABSOLUTE MAXIMUM RATINGS 
As with all semiconductors, stresses listed under “Absolute Maximum Ratings” may be 
applied to devices (one at a time) without resulting in permanent damage. This is a stress 
rating only. Exposure to absolute maximum rating conditions for extended periods may 
attect device reliability. The conditions listed under “Electrical Specifications ” are the only 
conditions recommended for satisfactory operation. 
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Q@HARRIS Hj.562A/883 


12-Bit High Speed Monolithic 


July 1988 


Features 


e This Circuit is Processed in Accordance to Mil-Std- 
883 and Is Fully Conformant Under the Provisions of 
Paragraph 1.2.1. 


© Output Current ........ccercesesseseeeessessreeseenessesens 2mA, F.S. 
¢ Monolithic Construction 

e Extremely Fast Settling................ 600ns to 0.01% (Max) 
© Low Gain Drift .............cccecccesenneeeeenees +10ppm/°C (Max) 
© Linearity, +25°0C Maximum........ssscceeseeeeeeees +1/4 LSB 


e Designed for Minimum Glitches 
e Monotonic Over Temperature 


Applications 


e CRT Display Generation 
High Speed A/D Converters 
e Video Signal Reconstruction 


e Waveform Synthesizers 

e High Speed Data Acquisition 
e High Reliability Applications 
e Precision Instruments 


Pinouts 


H1I1-562A/883 (CERAMIC SIDEBRAZE DIP) 
TOP VIEW 


Vcc} } 1 24 | | BIT 1 (MSB) 
LOGIC SELECT 2 23 
VREFLOIN |} 3 22 || BIT 3 IN 
NCI} 4 21) | BIT 4 IN 
VREF HIIN || 5 20 | | BIT 5 IN 


VEE} | 6 19 || BIT GIN 

BIPOLAR Rin || 7 18] | BIT 7 IN 

BIPOLAR RouT| | 8 17| | BIT 8 IN 

Ipac OUT |} 9 16| | BIT9IN 

10V SPAN R | | 10 15] | BIT 10 1N 

20V SPAN R | | 11 14] | BIT 11 IN 
GND] | 12 13 | | BIT 12 (LSB) 


Description 


Digital-to-Analog Converter 


The Harris HI-562A/883 is the first monolithic digital-to- 
analog converter to combine both high speed per- 
formance and 12-bit accuracy on the same chip. The 
H|-562A/883’s fast output current settling of 600ns (Max) 
to 40.01% is achieved using dielectric isolation proces- 
sing to reduce internal parasitics for fast rise and fall times 
during switching. Output glitches are minimized in the 
HI-562A/883 by incorporating equally weighted current 
sources switched into an R-2R ladder network for 
symmetrical turn-ON and turn-OFF switching times. This 
creates, within the chip, a very uniform and constant 
thermal distribution for excellent linearity and also 
completely eliminates thermal transients during switch- 
ing. High stability thin film resistor processing together 
with laser trimming provide the HI-562A/883 with 
guaranteed 12-bit linearity to within +1/4 LSB maximum 
at +250C. The HI-562A/883 is recommended as a replace- 
ment for higher cost hybrid and modular units for 
increased reliability and accuracy in applications such as 
CRT displays, precision instruments and data acquisition 
systems requiring throughput rates as high as 2.86MHz 
for full range transitions. Its small size makes it an ideal 
choice as the heart of high speed A/D converter designs 
or as a building block in high speed or high 
resolution industrial process control systems. The 
HI-562A/883 is also ideally suited for aircraft and space 
instrumentation where operation over a wide temperature 
range (-559C to +1259C) is required. 
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HI4-562A/883 (CERAMIC LCC) 
TOP VIEW 
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DATA CONVERSION 


PRODUCTS 
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Functional Diagram 


TTL/CMOS 

LOGIC 

LEVEL BIT 11N BIT 12 1N 
GND VCC SELECT (MSB) 2 3 8 9 10 11. (LSB) 


ibe 8. 9 
™2OOH BD ®*D OO ® ®© YM © ® ® ®B 


20V 
DIGITAL INPUT LEVEL SHIFTERS & SWITCH DRIVERS 5K 6 
ae AES RSS See en SS ee es ae a (0) 
fot alot ad all | Bale Gots Sr ciao een 10V 
Hest setts sist ee 
VREF HI IN 5 
1998K0. fax af ate [aw | [am | [ax | [ax] [au | aK IDAC 
; OUT 
CONTROL mea hed that dated De) ooo SS eo tog 2) og Oy Oy tee Oe | eae “nour 
“AMP I } | I } | } 
Ta B ae 
aK 8.75K38.75K38 8.75K38.75K 8.75K 
(3) -—120pF BIPOLAR 
VREF LOIN V- (6) RIN 


Pin Numbers Correspond to DIP Package Only. 


Specifications HI-562A/883 


Absolute Maximum Ratings (NOTE 1) Thermal Information 

Voltages Referred to Ground Thermal Resistance, Junction-to-Case (8jc) 

Power Supply Inputs Ceramic DIP Package .....-..cceceececessecceceeees 15°C/W 
ot eee eee +20V Ceramic LCC Package... ....ecececee eee ee eee ceeeeece 40°CW 
MEE bs iacccndsccccecsnessencsceneteuss se nsndeeebias o's -20V Thermal Resistance Junction-to-Ambient (ja) 

Reference Inputs Ceramic DIP Package .......cccbeccccccaepecccscecs 50°C/W 
VREF (High)....2.-- cece e cece cece erence eee eeeeeneees +16.5V Ceramic LCC Package........ cece cece cece ee neeeeees 819C/W 

Digital inputs Power Dissipation (@ +75°C) 

Bite 1-12 (TTL). 0. ccc cnecsccccnencewtwecccccess -1V to +7.5V Ceramic DIP Package .........sceeeee cece ee eeenes 2000mW 
Bits 1-12 (CMOS) ......- eee e cece cece cree ee eeenee -1VtoVcoc Ceramic LCC Package........ccccseccececccccceces 1235mW 
CMOS/TTL Logic Select ........ee eee cece eens ~1Vto +16.5V Power Dissipation Derating Factor (Above +75°C) 

Pins 7, 8, 10, 11 (DIP Package) .....----eeeeeeeeeeees Vee toVCc Ceramic DIP Package .......0.ee cece cece ee eeeees 20mW/°C 

IDAC Out... cece cece cee rcreceneceeceereeecescean -5V to Voc Ceramic LCC Package........eeee cece cece neeees 12.35mW/OC 

Lead Temperature (Soldering 10S@C) ........+ee eee eeeee +275°C 

Storage Temperature Range ........++s+eeeeees -65°C to +150°C 

Junction Temperature ..... 00. c cece cece cere eee ee eee enes +175°C 


Recommended Operating Conditions 


Operating Temperature Range... -559C to +1259C ~ ~— Reference INput Voltage 0... cessseeseeeeeeteeeteetersersstneerens +10.0V 
Operating Supply Voltages Digital Inputs (TTL) 
VOC ovssseestscsesseseeseseeseneensnesssenenensastanensasenensageanensenenen +5V to +15V Vib» LOGIC LOW... eseeeeeeteestsesssesseenesnensntenenesteeetin OV to 0.8V 
VEE iiicscssscseovccsosssesesuesesspenscocscussonenapancesnegenanegesuengucsoncecsaaaneanes -15V VI, LOGIC HIG 1... eee seseesetereteseneneneneteeeeetsteereees 2.0V to 5V 


TABLE 1. D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 


Devices Tested at +Vcc = *5V, -Veg =-15V, VReF HI IN = +10.0V, VaeF LO IN = GND, CMOS/TTL = GND, 
Unless Otherwise Specified 


GROUP A 
D.C. PARAMETERS | SYMBOL CONDITIONS SUBGROUPS | TEMPERATURE 
Supply Current Icc For all Bits ON, and all Bits OFF 
Vip = 2.0V, Vi_ = 0.8V (Note 4) 


2,3 +1259C, -55°C 


LIMITS 
UNITS 


15.0 
17.0 


> 


m 
mA 


From Vcc 
Supply Current lEE For all Bits ON, and all Bits OFF 1 > 
=) 
by ct cml All Bits ON Ta a vesec, | eo | mw | | 
iH is te 23 
Digital Input NH Each Bit Tested Separately, Bit Under +25°C ae, 
High Current Test, Vip = SV, all other Bits Vj_ = 0.8V +1250C, -55°C aa 
bk 
Digital Input i, | Each Bit Tested Separately, Bit Under a 
Low Current Test, Vip = OV, all other Bits Vj_ = 0.8V 2,3 +1259C, -55°C 1.0 


hm 


0.05 


‘Unipolar Offset Vos All Bits OFF 

Error Vii = 0.8V (Note 5) 

Error Vin = 2.0V (Note 5) 2,3 +125°C, -55°C 0.35 
Power Supply +Pgg} | Unipolar Mode, all Bits ON, VjH = 2.0V 1 3.5 | ppm of FSR 
Sensitivity From Voc Vec from 4.5 to 5.5V pigs +1250C, -55°C 14.0 % Vps 
Power Supply -Pgs| Unipolar Mode, all Bits ON, Vj} = 2.0V 1 7 ppm of FSR 


5 
Sensitivity From V Ver from -13.5 to-16.5V 2,3 +1259C, -55°C -30 30 
EE EE 


Output Current louT 1 All Bits ON Vip = 2.0V, Pin 9 to Ground 1 ess © -2.4 -1.6 mA 
Unipolar 

Output Current lOUT 2 All Bits ON, Vip = 2V Pin 7 @ 10V, 1 +25°C “1.2 mA 
Bipolar Pin 8 to Pin 9, Pin 9 to Ground 

Saar orca BPoe | AllBits OFF, Vj, = O8V ; Hts ee 
Error +10V Range (Note 5) 9.3 +1250C, -55°C 0.29 
Bipolar Zero MSB on Vj} = 2.0V, all other Bits OFF 1 0.25 
Error Vi_ = 0.8V, +10V Range 2:3 +1259C, -55°C 0.29 % FSR 
Bipolar Gain BPage All Bits ON Vjyy = 2.0V 

Error +10V Range (Note 5) 


025 | _% FSR 
CAUTION: These devices are sensitive to electrostatic discharge. Proper IC handling procedures should be followed. 
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TABLE 1. D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


Devices Tested at*+VCc = +5V, -VEE = -15V, VREF HI IN = +10.0V, VaeF LO IN = GND, CMOS/TTL = GND. 


Unless Otherwise Specified 
GROUP A LIMITS 
D.C. PARAMETERS| SYMBOL CONDITIONS SUBGROUPS | TEMPERATURE | MIN | 


Integral Linearity Unipolar 10V Range Reference Chart C 
Error +1259C, -55°C 1.0 LSB 


Le 
for Codes Tested (Note 6) 
Differential Dlg | Unipolar 10V Range Reference Chart D 025 | LSB 
for Codes Tested (Notes 6, 10) +1250C, -550C 1.0 


oa = 
oC 

ak eres 
0 OC 


bo 184 
| Fo 


Linearity Error 


Unipolar Offset 
Drift 


Unipolar Gain 
Drift 


(Note 2) 


a 
Qa 
=| 2 
ak § ak ay 
WIP Ww 
+] 5 
Na 
Alo 
SFO 
Oye 

i 
oS 

io] re} 
O1S 

4 73 
at § at 
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Bipolar Offset 
Drift 


Bipolar Gain 
Drift 


dBPag | (Note 2) +250C, +125°C 10 | ppm of FSR 
i ee UE ae 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


Devices Characterized at +Vcc = +5V, -VEE = -15V, Vref HI IN = +10.0V, Vref LO IN = GND, CMOS/TTL = GND, 
Unless Otherwise Specified. 


LIMITS 
A.C. PARAMETERS CONDITIONS NOTES TEMPERATURE | MIN | MAX | UNITS 
1 


All Bits OFF to ON and all Bits 
ON to OFF, 10V Unipolar Mode to 0.01% 
Figures 2 and 3, (Note 2) Vit = 0.8V, 

Vin, = 3.5V, RL = 502 


Settling Time 


NOTES: 1. Absolute maximum ratings are limiting values, applied individually, beyond which the serviceability of the circuit may be impaired. 
Functional operation under any of these conditions is not necessarily implied. ’ 


See Definitions. 
FSR is “Full Scale Range” and is 20V for +10V range, 10V for +5V range, etc., or 2mA (+20%) for current output. 
After 30 seconds warm-up. 


Errors are adjustable to zero using Ry and Ro potentiometers. (See Application Information Figure 5). 


Pa eS ee 


For accuracy measurements, the reference DAC shall be full scale adjusted to match the full scale gain less the zero scale offset of the device 
under test. All switches are in position 2. The 16-bit reference DAC will supply the ideal voltage for the code under test to pin 10(10V span) of 
the DUT. Vo will represent the difference between the ideal current for the code under test (provided by the 16-bit reference DAC through 
the 10V span resistor) and the actual DUT current for that code. The reference DAC is used to determine the output voltage value fora 12-bit 
LSB (measured at Vo) with the DUT at zero scale. This value is the scaling factor used for accuracy error calculations. 


7. For unipolar full scale and offset measurements,'all switches are in position 2. The ideal voltages (9.99758 for full scale, and OV for offset) are 
applied to pin 10 (10V span) of the DUT via the 16-bit reference DAC. The transresistance amplifier is scaled such that 1V measured at Vo 
corresponds to 0.1% of the full scale range. 

10 x 4095/4096 
Rio0yv Span 
8. For bipolar full scale, zero, and offset measurements, switch Sj is in position 2, switches Sa and S3 are in position 1. The ideal voltages 


9.99512, 0, and -10 are applied to pin 11 (20V span) of the DUT via the 16-bit reference DAC. The transresistance amplifier is scaled such 
that 1V measured at Vo corresponds to 0.1% of the full scale range. 


9. For power supply rejection ratio tests, all switches are in position 2. An ideal voltage of 9.99756V is applied to pin 10 of the DUT viathe 16-bit 
reference DAC. Voltages at the output of the error amplifier are measured under the conditions noted in Chart A. 


For Full Scale Vo = Scaling Factor x [ lFULL Scale (OUT) ] 


10. Differential nonlinearity tests are performed twice, the first sequence is performed by applying the “From Code” immediately prior to its 
associatied “To Code”. The second sequence is performed by applying the “To Code” immediately prior to its associated “From Code’. 


11. The parameters listed in Table 3 are controlled via design or process parameters and are not directly tested. These parameters are char- 
acterized upon initial design release and upon design changes which would affect these characteristics. 


HI-562A/883 


TABLE 4. ELECTRICAL TEST REQUIREMENTS 


MIL-STD-883 TEST REQUIREMENTS SUBGROUPS (SEE TABLE 1) 


Interim Electrical Parameters (Pre Burn-In) 


ce 


*PDA applies to Subgroup 1 only. No other subgroups are included in PDA. 


Test Circuits 
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REF DAC 
VOLTAGE OUTPUT 
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fe} 
m7) 

+ t 0 

VOUT >Y 

CURRENT 6a 

METER 3}: 

* : <a. 
VREF =10V-(IREF X 5092) 7 = E 
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FIGURE 1. TEST CIRCUIT 
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trait = 8ns DIGITAL 
INPUTS 


DIGITAL 
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trise = 8ns 


0.8V 


OUTPUT 
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+0.5 LSB 


TOFF 


FIGURE 2. SETTLING TIME WAVEFORMS 
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Settling Time Circuit 
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FIGURE 3. DAC SETTLING TIME FIXTURE 
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GND, Unless Otherwise Specified, All Pin Numbers Refer to DIP Package 
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CHART B. 


SYMBOL CONDITIONS TEMPERATURE 


Unipolar Calculations Made From +250C [ E1H - Eqr ] *G* 106 = ppm of FSR 
Offset Drift Tests Previously Defined +125°C 104 oC 
in this Table +250C EiR - Eq *Q*'10= ppm of FSR 
-55°C | 0.8 x 104 oC 


Unipolar Gain Calculations Made From +259C (EoH - Ey) - (EoR - EyR) 7 *G*108= ppmofFSR 
Drift Tests Previously Defined +125°C | 104 oC 
in this Table +259C (Eor - E1R) - (Eo. - EyL) 7 *G*108= ppm of FSR 


Bipolar Offset Calculations Made From Esy - E5r *G* 106 = ppm of FSR 
Drift Tests Previously Defined +125°C | 104 J °C 
in this Table 3 +250C Esp - Es. “G'S = ppm of FSR 
iia : 
Bipolar Gain Calculations Made From +250C (E7H - Esq) - (E7R - E5R) 7 “G*108= ppmof FSR 
Drift Tests Previously Defined +1250C [ ie eee °C 
in this Table +250C (E7R - Esp) - (Ez. - Es) "G*108= ppm of FSR 


CHART C. CHART D. 
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NOTES: 1. Xisa logic 1 (Vj,4 = 2.0V) if the linearity error for that bit was measured as a positive error. X is alogic 0 (Vj, =0.8V) ifthe linearity error for that 
bit was measured as a negative error. 


2. Xisa logic 1 (Vit = 2.0V) if the linearity error for that bit was measured as a negative error. X is a logic 0 (Vi_ = 0.8V) if the linearity error for 
that bit was measured as a positive error. 
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Burn-In Circuits 


Hi-562A/883 CERAMIC SIDEBRAZED DIP 


+15V 


+10V 
VREFHI IN 


VEE 
BIPOLAR Rin 


BIPOLAR Rout 
IpAc OUT 
10V SPAN 
20V SPAN 
GND 


-15V 


D3 
Fo 


HI-562A/883 CERAMIC LCC 


+15V Fo 


DATA CONVERSION 
PRODUCTS 


LOGIC 
NC SELECT 


+10V O VREFHI IN 


-15VO VEE 


NOTES: 

Cz = Co = Cg = 0.01uF (per socket) or 0.1uF (per row) 
Dy = Dg = Dg = IN4002 or equivalent (per board) 

Fg = 100KHz; TTL Levels 50% Duty Cycle 
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Die Characteristics 


DIE DIMENSIONS: 
103 x 209 x 19 mils 
METALLIZATION: 
Type: Aluminum 
Thickness: 16kA + 2kA 
WORST CASE CURRENT DENSITY: 
4.59 x 105A/cm2 
This device meets Glassivation Integrity Test 
requirement per Mil-Std-883 Method 2021 and 
Mil-M-38510 paragraph 3.5.5.4. 


Metallization Mask Layout 


GLASSIVATION: 
Type: Silox 
Thickness: 14kA + 2kA 
TRANSISTOR COUNT: 150 
PROCESS: BIPOLAR-DI 
DIE ATTACH: 
Material: Gold/Silicon Eutectic Alloy 
Temperature: Sidebrazed Ceramic DIP — 460°C (Max) 
Ceramic LCC — 420°C (Max) 


HI-562A/883 


CMOS/TTL 
LOGIC SELECT Vcc 


Vrer (HI IN) 


feat 
SE 
ten 
al N] 


BIPOLAR Rin a : 
dis, Es Bae 


Sa 
10V SPAN = 


a ye 
20V SPAN 
oes 5 


SUPPLY 
GROUND 


Vref LO 


7/44 Ope _ 


__ Ee 


BIT 8 


BIT 9 


“_ 


NOTE: Pin Numbers Correspond to DIP Package Only. 


NOTE: All Dimensions are 
Max 


HI-562A/883 


Packaging t 


24 PIN CERAMIC DIP 


1.270 .150 
-005 MIN -180 


——— 


.225 MAX 
4 


060 : 
125, .098 MAX = 
180 aes | 
023 
* INCREASE MAX LIMIT BY .003 INCHES 
MEASURED AT CENTER OF FLAT FOR 
SOLDER FINISH 
LEAD MATERIAL: Type B INTERNAL LEAD WIRE: 
LEAD FINISH: Type C Material: Aluminum 
PACKAGE MATERIAL: Multilayer Ceramic, 90% Alumina Diameter: 1.25 Mil 
PACKAGE SEAL: Bonding Method: Ultrasonic 
Material: Gold/Tin (80/20) COMPLIANT OUTLINE: 38510 D-3 


Temperature: 320°C + 10°C 
Method: Furnace Braze 


28 PAD CERAMIC LCC 


PAD MATERIAL: Type C INTERNAL LEAD WIRE: 

PAD FINISH: Type C Material: Aluminum 

FINISH DIMENSION: Type A Diameter: 1.25 Mil 

PACKAGE MATERIAL: Multilayer Ceramic, 90% Alumina Bonding Method: Ultrasonic 
PACKAGE SEAL: COMPLIANT OUTLINE: 38510 C-4 


Material: Gold/Tin (80/20) 
Temperature: 320°C + 10°C 
Method: Furnace Braze 


i : ; a? 
Min , Dimensions are in inches. 
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DATA CONVERSION 


+ Mil-M-38510 Compliant Materials, Finishes, and Dimensions. 


PRODUCTS 


Gg? HARRIS 


DESIGN INFORMATION 


Hl-562A 


12-Bit High Speed Monolithic 
Digital-to-Analog Converter 


The information contained in this section has been developed through characterization by Harris Semiconductor and is 


for use as application and design data only. No guarantee is implied. 


Definitions of Specifications 
Digital Inputs 


The HI-562A/883 accepts digital input codes in binary 
format and may be user connected for any one of three 
binary codes: Straight Binary, Two’s Complement, or 
Offset Binary (see Operating Instructions). 


ANALOG OUTPUT 
STRAIGHT OFFSET TWO’S 
BINARY BINARY COMPLEMENT* 


DIGITAL 
INPUT 


MSB LSB 


000... 000 Zero -FS (Full Scale) Zero 
100... 000 1/2 FS Zero -FS 

Ue PRs 14 +FS-1LSB +FS-1LSB 1/2 FS - 1LSB 
Ole. 225 THA 1/2 FS-1LSB Zero-1LSB +FS-1LSB 


“Invert MSB with external inverter to obtain Two's Complement Coding 


Accuracy 


INTEGRAL NONLINEARITY—The maximum deviation 
of the actual transfer characteristic from an ideal straight 
line. The ideal line is positioned according to “end-point 
linearity” for D/A converter products from Harris 
Semiconductor, i.e. the line is drawn between the 
end-points of the actual transfer characteristic (codes 
DO... .0 angut >. =45, 


DIFFERENTIAL NONLINEARITY—The difference bet- 
ween one LSB and the output voltage change cor- 
responding to any two consecutive codes. A Differential 
Nonlinearity of +1 LSB or less guarantees monotonicity. 


MONOTONICITY—The property of a D/A converter’s 
transfer function which guarantees that the output 
derivative will not change sign in response toa sequence 
of increasing (or decreasing) input codes. That is, the 
only. output response to a code change is to remain 
constant, increase for increasing code, or decrease for 
decreasing code. 


Settling Time 


That interval between application of a digital step input, 
and final entry of the analog output within a specified 
window about the settled value. Harris Semiconductor 
usually specifies a unipolar 10V full scale step, to be 
measured from 50% of the input digital transition, and a 
window of +1/2 LSB about the final value. The device 
Output is then rated according to the worst (longest 
settling) case: low to high, or high to low. 


Drift 


GAIN DRIFT—The change in full scale analog Output over 
the specified temperature range expressed in parts per 
million of full scale range per °C (ppm of FSR/°C). Gain 
error is measured with respect to +25°C at high (TH) and 
low (TL) temperatures. Gain drift is calculated for both 
high (TH -25°C) and low (+25°C -T_) ranges by dividing 
the gain error by the respective change in temperature. 
The specification is the larger of the two, representing worst 
case drift. 


OFFSET DRIFT—The change in analog output with all 
bits OFF over the specified temperature range expressed 
in parts per million of full scale range per °C (ppm of FSR/ 
°C). Offset error is measured with respect to +25°C at high 
(TH) and low (TL) temperatures. Offset Drift is calculated 
for both high (Ty -25°C) and low (+259C -TL) ranges by 
dividing the offset error by the respective change in 
temperature. The specification given is the larger of the 
two, representing worst-case drift. 


Power Supply Sensitivity 


Power Supply Sensitivity is a measure of the change in 
gain and offset of the D/A converter resulting from a 
change in -15V, +5V or +15V supplies. It is specified under 
DC conditions and expressed as parts per million of full 
scale range per percent of change in power supply (ppm 
of FSR/%). 


Compliance 


Compliance voltage is the maximum output range for 
which specified accuracy limits are guaranteed. Compli- 
ance limit implies functional operation only and makes no 
claims to accuracy. 


Glitch 


A glitch on the output of a D/A converter is a large 
transient spike resulting from unequal internal ON-OFF 
Switching times. Worst case glitches usually occur at 
half-scale or the major carry code transition from 011... 1 
to 100... 0 or vice versa. For example, if turn ON is greater 
than turn OFF for 011... 1 to 100...0, an intermediate 
State of 000... 0 exists, such that, the output momentarily 
glitches toward zero output. Matched switching times and 
fast switching will reduce glitches considerably. 


HI-562A 


DESIGN INFORMATION (Continued) 


The information contained in this section has been developed through characterization by Harris Semiconductor and is 
for use as application and design data only. No guarantee is implied. 


Operating Instructions 
Decoupling and Grounding 


For best accuracy and high frequency performance, the 
grounding and decoupling scheme shown in Figure 4 
should be used. Decoupling capacitors should be 
connected close to the HI-562A/883 (preferably to the 
device pins) and should be tantalum or electrolytic 
bypassed with ceramic types for best high frequency 
noise rejection. 


ANALOG GROUND 


FIGURE 4. 
Unipolar and Bipolar Voltage Output Connections 


CONNECTIONS—Using an external resistive load, the 
output compliance should not exceed +1V to maintain 
specified accuracy. For higher output voltages, accuracy 
can be maintained by using an external op amp and the 
internal span resistors as shown in Figure 5 and defined in 
Chart F for unipolar and bipolar modes. 


+5V/+15V,-15V 


HA-2510/2515 
HA-2600/2605 


+15V 
UNIPOLAR 
ZERO 
ADJUST 


BIPOLAR 
OFFSET 
ADJUST 


FIGURE 5. 


* For TTL and DTL compatibility, connect +5V to pin 1 and tie pin 2 to pin 12. 
** Bias resistor, RB, should be chosen to equalize op amp offset voltage due 
to bias current. Its value is calculated from the parallel combination of the 
current source output resistance (2K) and the op amp feedback resistor. 


See Chart A for values of RB. 


CHART F. Pin Numbers Correspond to DIP Package Only 


CONNECTIONS 
OUTPUT | PIN 7 | PIN 8] PIN 10} PIN 11] BIAS (Rg) 
RANGE TO TO TO mE RESISTOR 
Unipolar 
Mode NC [A 


N 
Bipolar | +10v_ | D_ | 
Mode [| +5V_ /[ D_| 


External Gain and Zero Calibration (See Figure 5) 


The input reference resistor (20K nominal) and bipolar 
offset resistors shown in Figure 5 are both intentionally 
set low by 50Q to allow the user to externally trim-out 
initial errors to a very high degree of precision. The 
adjustments are made in the voltage output mode using 
an external op amp as current-to-voltage converter and 
the HI-562A/883 internal scaling resistors as feedback 
elements for optimum accuracy and temperature co- 
efficient. For best accuracy over temperature, select an op 
amp that has good front-end temperature coefficients 
such as the HA-2600/883 with offset voltage and offset 
current tempco’s of 5 uV/OC in 1nA/°C, respectively. For 
high speed voltage mode applications where fast settling 
is required, the HA-2510/883 is recommended for better 
than 1.5us settling to 0.01%. Using either one, poten- 
tiometer R3 conveniently nulls unipolar offset plus op 
amp offset in one operation (for HA-2510/883 and 
HA-2600/883 use R3 = 20K and 100K, respectively). For 
bipolar mode operation, R3 should be used to null op amp 
offset to optimize its tempco (i.e., short 9 to A and adjust 
R3 for zero before calibration in bipolar mode). The gain and 
bipolar offset adjustment range using 1002. potentiometers 
is +0.25% FSR. If desired, the potentiometers can be 
relpaced with fixed 50y (1%) resistors resulting in an initial 
gain and bipolar offset accuracy of typically +1/2 LBS. 


UNIPOLAR CALIBRATION 


Step 1: Unipolar Offset 
e Turn all bits OFF 
e Adjut R3 for zero volts output 
Step 2: Gain 
e Turn all bits ON 
e Adjut R2 for an output of FS - 1 LSB 
That is, adjust for: 
9.9976V for OV to +10V range 
4.9988V for OV to +5V range 


BIPOLAR CALIBRATION 


Step 1: Bipolar Offset 
e Turn all bits OFF 
e Adjust R1 for an output of: 
-10V for +10V range 
-5V for +5V range 
-2.5V for +2.5V range 


Step 2: Gain 
e Turn bit 1 (MSB) ON; all other bits OFF 
e Adjust R2 for zero volts output 


DATA CONVERSION 


PRODUCTS 


i HARRIS 


HI-565A/883 


High Speed, Monolithic 


January 1989 Digital-to-Analog Converter With Reference 


Features 


e This Circuit is Processed in Accordance to Mil-Std- 
883 and is Fully Conformant Under the Provisions of 
Paragraph 1.2.1. 


¢ DAC and Reference on a Single Chip 

¢ Pin Compatible With AD565A 

e Very High Speed: Settles to 1/2 LSB in 500ns Max 
® Monotonicity Guaranteed Over Temperature 

¢ 1/2 LSB Max Nonlinearity Guaranteed Over Temp 

e Low Gain Drift (Max, DAC Plus Reference) .. 25ppm/°C 
¢ Low Power Dissipation (Max Over Temp) ....425mW 


Applications 


e High Speed A/D Converters 
e Precision Instrumentation 

¢ CRT Display Generation 

¢ Signal Reconstruction 


Pinout 


HA1-565A/883 (CERAMIC SIDEBRAZED DIP) 
TOP VIEW 


Description 


The HI-565A/883 is a fast, 12 bit current output, digital to 
analog converter. The monolithic chip includes a precision 
voltage reference, thin-film R-2R ladder, reference control 
amplifier and twelve high-speed bipolar current switches. 


The Harris Semiconductor Dielectric Isolation process 
provides latch-free operation while minimizing stray capac- 
itance and leakage currents, to produce an excellent 
combination of speed and accuracy. Also, ground currents 
are minimized to produce a low and constant current 
through the ground terminal, which reduces error due to 
code-dependent ground currents. 


HI-565A/883 dice are laser trimmed for a maximum integ- 
ral nonlinearity error of +1/4 LSB at +25°C. In addition, the 
low noise buried zener reference is trimmed both for 
absolute value and minimum temperature coefficient. 


The HI-565A/883 is packaged in a 24 pin Ceramic 
Sidebrazed DIP. 


Functional Diagram 


REFOUT VCC 


BIPOLAR Rijn | 8 | 
'pacOUT | 9° 
10V SPAN R/10] 
20V SPAN R/11| 


BIP. OFF. 08 O 20V SPAN 


10 
O 10V SPAN 


lo 


(4X IREF 
X CODE) 


MSB LSB 


Specifications HI-565A/88&3 


Absolute Maximum Ratings (Note 1) Thermal Information 

Power Supply Inputs (Referred to Power GND) Thermal Resistance, Junction-to—Case (8jc) 
VOC 006 Fete ATG NEP eee Ree thi cance eweceace +18V Ceramic DIP Package .........ccccccccsccsedesccecs 199C/W 
Vas os a eapepee oh mains of wings nas des npe gs ase oe ry neine -18V Thermal Resistance Junction-to-Ambient (8jq) 

Reference (Referred to Ref. GND) CpG Lt PCG ai ag a 0.0.0.0 00.0 bee Rha ae 79°C/W 
BUNS as Fore. wie Bie 6 LS MOAS Obie o BG ahs 0d ghd Shusidle v «vie OHM +12V Power Dissipation at 75°C 
Ouiput-sccccowsse res crea rin Indefinite Short to Power GND Goramic DIP Package sos cc npicesccccccsccccccceces 1270mW 

Analog Output 22.05. ie cece eee ede breedecvects -3Vto+12V Power Dissipation Derating Factor (Above +75°C) 

Bipolar Offset (Referred to Ref. GND). ...........eeeeeewees +12V Ceramic DIP PACKEG6 oo cc ccc aes ccccccscseacs 12.7mMW/°C 

Digital Inputs 
BAO? 2k s capo Sb Shire ww woh cdbe ditt see Gos geNGG -1V to +7V 

Storage Temperature Range ..............0+- -65°C to +150°C 

Lead Temperature (Soldering 10s) ..........eeeseeeeeees 275°C 

JeiNctlanm TOMPOFAUNS oan s cba vc gee cdencrecs Ges tybeen ca 175°C 

Recommended Operating Conditions 

Operating Temperature Range ............++. -559C to +1259C Reference Input Voltage .......... cc cece eee e eee e nen eeeneee 10V 

Operating Supply Voltages Logic Low Level ........ccnddiecictecinccccsccsgeencs OV to 0.8V 
AVEO ccc cessor eee ccnescccccccccucesccgeces +12Vto+15V LogicHigh Level.......... eee e eee eee eee e ee eee 2.0V to +5.5V 
VEE «cbc cccenccescngseereccaspedocsccesderces -12V to -15V 


TABLE 1. D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 
Devices Tested at +Vcc = +15V, -Veg = -15V, Reference In Connected to Reference Out, Unless Otherwise Specified. 


D.C HI-565AS/883 | HI-565AT/883 
PARAMETERS |SYMBO 


GROUPA 


SUBGROUPS | TEMPERATURE 


+25°C 


pe 
+1250C, -55°C fo 
ss 
mes 


Supply Current All Bits = 2.0V 


From Vcc 


A 
> 


= 
nm 
© 


re 


+25°9C 


All Bits = 2.0V 


Supply Current 
From VEE 


ptt 
Ned 
t 0 


2,3 +125°C, -55°C 


Power Calculated 1 +25°C 
Dissipati 
siieeers * +125°C, -55°C 


Digital Input Bit Under Test = 5.5V, +25°C 
High t 
ae +1250C, -559C 


Others = 0.8V 


+25°C 
2,3 +125°C, -55°C 
+25°9C 


+1259C, -55°C 0.07 


Digital Input 
Low Current 


Bit Under Test = OV, 


Others = 0.8V 


Unipolar Offset All Bits = 0.8V 


Error Note 2 


Unipolar Gain +25°C 


+125°C, -55°C 


Power Supply +25°9C 
Sensitivity to 


VEC 


Icc 
NL 
Vos 
AE All Bits = 2.0V 
Note 2 
+Pgs1 | Voc = 11.4V to 16.5V 
All Bits = 2.0V, Unipolar 
+125°9C, -55°9C 
Power Supply 
Sensitivity to 


Veg =-11.4V to +250C pa v4 
-16.5V. All Bits = 2.0V 
to VEE Unipolar 2,3 +125°C, -55°C | 50 | 


Output Current louTti1 | ipAc Out= OV, 1 

Unipolar All Bits =2.0V 
Output Current | IoOyT2 | BIPRix Tied to VREF +25°C 
Bipolar All Bits = 2V, Ipac = 0 

Bipolar Offset BPOg | B.P.t10V Range 

Error All Bits = 0.8V, 

Bipolar Zero B.P.410V Range, 
Error 


Note 2, MSB = 2V, 
Bit 1 thru 11 = 0.8V 
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DATA CONVERSION 


PRODUCTS 


HI-565A/883 


TABLE 1. D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 
Devices Tested at +Vcc = +15V, -VeE = -15V, Reference In Connected to Reference Out, Unless Otherwise Specified 


- HI-565AT/883 
D.c. GROUPA HI-565AS/883 / 
PARAMETER |SYMBOL SUBGROUP | TEMPERATURE 


Bipolar Gain BPAgE | B.P.t10V Range 
Error All Bits = 2.0V, Note 2 


+125°C, -55°C 


% FSR 
% FSR 


Integral Linearity LSB 
Pe 3 -0.75 | 0.75 LSB 
Differential LSB 
Linearity Error eee +1250C, -55°C LSB 


Ref. Voltage 10.05 V 


(Unipolar) 


No Load on Vper, 


VREF(OUT) not tied to 
VREF(IN)» 
All Bits = 0.8V 


+1259C, -55°C 


VREF(U) 


Ss) [a] [a+]elel fale 
oO oO oO 


Ref. Voltage 9.9 9 


(Bipolar) 


No Load on Vp_er, 
VREF(OUT) Not Tied To 


VREF(IN) 
All Bits = 0.8V 


a 


VREF(B) 


+1259C, -55°C 


Ref. Voltage VREF(L) | Pull Additional 1.5mA 
(Loaded) Out of VREF. VREF(OUT) 
Tied to VREF(IN) and +1259C, -55°9C 10.05 V 


BIPRn. All Bits = 0.8V 


a] | i il al « 


Unipolar Offset Note 4 +25°C to +125°C ppm of 
Drift dT FSR 
+25°C to -559C per 
oC 


Unipolar Gain Note 4 +25°9C to +125°9C 


Drift 
-10 


Bipolar Zero dBPz | Note4 
Drift - 
Bipolar Gain dBPar | Note4 +25°C to +1250C | -40 | 
Drift as 
dT +25°C to-550C | -40 | 


TABLE 2. A.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 
This Table Intentionally Left Blank. See A.C. Parameters on Table 3. 


fot 
al> 
o|5 


+25°C to -55°C 
+25°C to +125°9C | -10 


+ 
N 
13) 

© 
9° 
o 
or 

[e) 
ro) 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 
Characterized at Vcc = +15V, Veg = -15V, VREF(QUT) Tied to VREF(IN) Unless Otherwise Specified. 


PARAMETER |SYMBO CONDITIONS NOTES 
Settling Time All Bits OFF to ON, and 


ON to OFF. 10V Unipolar 
Mode to 0.01%. Vj, = 0.8V 
ViH = 3.5V, RL = 502 


MIL-STD-883 TEST REQUIREMENTS 
Interim Electrical Parameters (Pre-Burn-In) ) 


Final Electrical Test Parameters 


Group A Test Requirements 


Groups C & D Endpoints 


*PDA applies to Subgroup 1 only. No other subgroups are included in PDA. 
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HI-565A/883 


ELECTRICAL CHARACTERISTICS (Continued) 


NOTES: 1. Absolute maximum ratings are limiting values, applied individually, beyond which the serviceability of the circuit may be impaired. 
Functional operation under any of these conditions is not necessarily implied. 


. An external reference voltage is set to the measured internal reference value - IREF (502) 
. Adjustable to zero using external potentiometers. 
. See Definitions. 


. The parameters listed in Table 3 are controlled via design or process parameters and are not directly tested. These parameters are 
characterized upon initial design release and upon design changes which would affect these characteristics. 


oh © N 


i 


Waveforms SETTLING TIME 


90% 
tRISE = 8ns 


DIGITAL 
INPUTS 


10% DIGITAL 
tFALL = 8ns INPUTS 


90% 10% 


OUTPUT 
OUTPUT 


TON TOFF -.5LSB 


Test Circuit 


z 
OVOLT SCHOTTKY 6 
ADJUST NULL . 
[eo 
Tie 
Wy 
52 
5a 
re) 
Og 
< a 
FET TRANS = 
AMP DIGITIZER #1 
RESISTANCE DIGITIZER 2 ia a 
#1 OUT 
AMPLIFIER 
DIGITIZER DIGITIZER#2 
2 VOUT 


DUT DIGITAL DRIVE PULSE GENERATOR 


3.5 us DELAY 


SETTLING TIME TEST FIXTURE 


HI-565A/883 


CHART A. 


DIGITAL CODE 
SB-——_____—_ LS 


ooo oc 0 8: FO oO On OO 000 000'0-0°'0 0 
— =< Set ot OL OOOO © 0; =" 6 6: OO © OfO :o7% 0-0 
=~oodoodoo]/"e24 200000 00000000 
Oo-/0d90900++t0 02200 0200000000 


me Mh mM MM MK x M.-F OO oO CO = 0 © 6).0°C55 0 
MM RM KM MK K KKK KO O.0 OO = 6 0'0;0.00 
mK MR KM RIK KK KK MIO OO OO OANA oO 0 000 
MK KK KK KK KK KOCOROCOOAOMOMOOsHA aaa 0 
MO RK. MM HM RX O 6 6 OOo Oo 6.0: ="6'0 0 
a oe OR Ok, OC) OS OR OR oe IO. Oo CO -O 0:0 0} 0:2 0:0 
a MM OR OC oS MM MM MIO SO .o C0 0 0 610m -= 6 
Oe ee MM MMe ee OK OO So Oo 6:0.0 6) o7o oO = 


MONON ON DONON ODO 


DIGITAL CODE 
sB-———__——————— LS 


> oe ee © oo) 
xx A eee esse st CO ODOCOdDCd0d0dd=a = = 
xxeXA sees se o0o0oorfr feet esr Oooo = = 
xx? +]? 00+ +r0 020 0++;00+ +0 
x KKK KK KK KK KK KOK OK OK OK OK OK OK OK 
x KKK KK KK KK KK KK KKK OK OK OK OC 
ee ee ae a ae a a a a ee. a a a a 
MM KK KK RK MEK KK OK Oe US x OK 
x KK KK KK mK KK KK OKO OK KOK OK OK OK OK 
Mx KK KK KK KK KK KKK OK OK OK OK KK OK 
~ KK KK KK KK KKK KOK OK OK KKK KOK 
Me Me PR ORI BE OE OR) OR Oe OS Ok SR OS ERE OM: 3S 
NQN ON DN ON ANON AN ON OA @ Ww 


NOTES: 6. X=0O(Vj, =0.8V) ifthe linearity error for that bit was measured as a positive error. X = 1 (Vip4 = 2.0V) if the linearity 


error for that bit was measured as a negative error. 


7. X=O(Vi, =0.8V) if the linearity error for that bit was measured as a negative error. X = 1 (Vj,4 = 2.0V) if the linearity error 


error for that bit was measured as a positive error. 


integral Linearity Error Measurements 


The transfer characteristics of the DUT are first determined 
by measuring its end points (all bits OFF, all bits ON). The 
end points of the reference DAC are then matched to the 
DUTs through software and hardware adjustments, to 
establish an ideal transfer characteristic for the DUT. The 
reference DAC then supplies one 12-bit LSB of current 
(DUT, all Bits OFF) to the input of the error amplifier and Rt 
is adjusted to obtain an output of 1V. The integral linearity 
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error, measured at the output of the error amplifier is a 
scaled voltage conversion of the difference between the 
ideal current supplied by, the reference DAC through the 
DUT span resistor and the output current of the DUT for the 
code under test 


LSB’s of Error = 


(Ideal voltage - measured voltage) x LSBs 


Volt 


*Rry = Trim resistor in error amplifier 


HI-565A/883 


CHART B. 


FROM CODE 


TO CODE 


MSB 


00000000000 0 
0000:06:0000001 
0 00°:0'0 0 0-0..0.0.1 
000000000 1 


1 


0000000000 0 
0000000000 1 


0 


1 
1 


0 0 050 0-0 0-0“G5F 0-0 


1 


00000000100 0 


000 0:00 0 O;1 1 
0000000 1 
0 9,0-.070"40-8 
0 6 0° 0;6-1T 4 


00000001000 0 


000°0 0°00 1:0 0-6 0-0 


00 0.90.0 1.0 0 Dp 0,0 
0.60°0:0 1 0:0: 9. o-7 6. 9 
00010000000 0 
00100000000 0 
o'1 0:0 6.0 0 0 6-3 0 oO 
10000000000 0 
00010000000 0 
00100000000 0 
00110000000 0 
01000000000 0 
01010000000 0 


¢) 


11441 


1 


0. 8-0 ARs 9 


0 0 6.:0%431 7 1,1 *71 


0 O04 4-71 F 451 4 «12.1 


0 0 FO) 1-4-4. 1441 1 
6° O° °F A59nT 2 TFT 1 1 


0 
.¢) 


1 


10 O-t'141311317~+7 


10°14 TF 1 


1141 


1 


100000000 0 


1 


01110000000 0 
10000000000 0 
10010000000 0 
10100000000 0 
10110000000 0 
11000000000 0 
11010000000 0 
11100000000 0 


1114314919999 1 «4 


1 


0 


oO a°%4) 4 2:2 4 


1 
1 


SLOndadoud 
NOISYHYSANOD Viva 


.T 4-9 2°49 


0101 1 


1007 17 4 7.4. 7 1:4 


1 
1 


‘1+o01.% 4-7 1 £47 4 


measured a second time (E9). The differential linearity error 


is calculated as, (Eo - E14) 
- 1 LSB = LSBs of error 


of the 


1110000000 0 
DUT is then increased by 1 LSB and the output error is 


1 
The DUT and the reference DAC supply the code under test 
less 1 LSB) to the input of the error amplifier, and the result- 


ing output error is measured (E14). The digital code 


Differential Linearity Error Measurements 


( 


Volts/LSB 
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HI-565A/883 


Burn-In Circuit 
HI-565A/883 CERAMIC SIDEBRAZE DIP 


+ 15V 
° 13 |Voc 
D Cc 
1 1 [4 | REF OUT 
\/ 


Pe ie ial Sal 
PERE CE GEE 


<q 


PARTS: 

Ry = 02 or Jumper Wire 

C1 = Co = Cg = 0.01 pF (per socket) or 0.1uF (per row) minimum 
Dy, =Do= D3 = IN4002 or equivalent (per board) 


NOTES: TTL Levels 50% Duty Cycle 


fo = 100kHz fg = fo/64 

f, = fo/2 f7 = f9/128 
fo = fo/4 fg = f9/256 
fg = fo/8 fg = fo/512 
f4 = fo/16 fio = fo/1024 
f5 = fo/32 44 = f9/2048 
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HI-565A/883 


Die Characteristics GLASSIVATION: 
DIE DIMENSIONS: Type: Silox 
107 x 180 x 19 mils Thickness: 14kA + 2.0kA 
METALLIZATION: TRANSISTOR COUNT: 200 
Lei an alll ch PROCESS: Bipolar-DI 
hickness: 20kA + 2 DIE ATTACH: 
WORST re rhea DENSITY: Material: Gold/Silicon Eutectic Alloy 
0.75 x 10°A/em Temperature: Sidebraze Ceramic DIP — 460°C (Max) 


Metallization Mask Layout 
HI-565A/883 


SUBSTRATE 
TIE 


BIT 2 
REF OUT 
(+10V) BIT 3 
REF GND 4 j io BIT 4 
a; 
rene es | BIT 5 
a) ® Nea a 1* 
1 ~, Se i, 
= 4 
“ . =: ee! Lt. 
i a: CF7t. > 
REF IN fi é _ =: Ct. 9 
a CF. 2 wn 
“VEE _, im: TT: BIT 6 wi 
a wae ; >VU 
BIPOLAR c= a: tt: 22 
RIN : _ am: Lt: peer) 
gy age Ee Oo 
og ee | lo ee ok 
a i a: SCL t: KE 
aol % enc: 
Ipac out Ie a in —— Sl Ee st Q 
ar i a mi ae Re. Lo BIT 8 
ea Fe 
ime et 
me : ._ BIT 9 
2 sl ee See IB. 
: —_ . 
=| nao 
pa is Sexes 
= se 
: 3 IT 10 
10V SPAN ; la ee ; . B 
ft 
20V POWER BIT 12. BIT 11 
SPAN GND (LSB) 
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Packaging* 
24 PIN CERAMIC SIDEBRAZE DIP 
1.185 587 
225 .005 MIN 1.215 | .080 | .603 | 
MAX : a { 110 
2 .008 
.015 
450 alle . ; fh 125 598 
MIN 180 .612 
.080 
MAX .054 
LEAD MATERIAL: Type B INTERNAL LEAD WIRE: 
LEAD FINISH: Type C Material: Aluminum 
PACKAGE MATERIAL: Multilayer Ceramic, 90% Alumina Diameter: 1.25 Mil 
PACKAGE SEAL: Bonding Method: Ultrasonic 
Material: Gold/Tin (80/20) COMPLIANT OUTLINE: 38510 D-3 


Temperature: 320°C + 10°C 
Method: Furnace Braze 


in 


NOTE: All Dimensions are — , Dimensions are in inches. 
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t Mil-M-38510 Compliant Materials, Finishes, and Dimensions. 


a} HARRIS 


HI-565A 


High Speed, Monolithic 
Digital-to-Analog Converter With Reference 


DESIGN INFORMATION 


The information contained in this section has been developed through characterization by Harris Semiconductor and is for 
use as application and design aid only. These characteristics are not 100% tested and no product guarantee is implied. 


Definitions of Specifications 
Digital inputs 


The HI-565A accepts digital input codes in binary format 
and may be user connected for any one of three binary 
codes. Straight Binary, Two’s Complement*, or Offset 
Binary, (see Operating Instructions). 


DIGITAL 
INPUT 


MSB...LSB 


ANALOG OUTPUT 


STRAIGHT OFFSET TWO’S 
BINARY BINARY COMPLEMENT* 


Accuracy 
NONLINEARITY - Nonlinearity of a D/A converter is an 


; : aatclis ‘ z 
important measure of its accuracy. It describes the devia- resulting from unequal internal ON-OFF switching times. re} 
tion from an ideal straight line transfer curve drawn between Worst case glitches usually occur at half-scale or the major D yy 
zero (all bits OFF) and full scale (all bits ON). carry code transition from 011...1 to 100...0 or vice versa. wih 
es For example, if turn ON is greater than turn OFF for 011...1 = 2 
Daa re akan bens ae SCANS C to 100...0, an intermediate state of 000...0 exists, such that, . ° 
and the ideal (1 LSB} voltage change a8 aone ah gear the output momentarily glitches toward zero output. = g 
wer ‘ are : F 
code. A Differential Nonlinearity of +1 LSB or less guaran- Matched switching times and fast switching will reduce Q 


tees monotonicity; i.e., the output always increases and 
never decreases for an increasing input. 


Settling Time 


Settling time is the time required for the output to settle to 
within the specified error band for any input code transition. 
It is usually specified for a full scale or major carry transition, 
settling to within 1/2 LSB of final value. 


Drift 


GAIN DRIFT - The change in full scale analog output over 
the specified temperature range expressed in parts per 
million of full scale range per °C (ppm of FSR/°C). Gain 
error is measured with respect to +25°C at high (Ty) and 
low (TL) temperatures. Gain drift is calculated for both high 
(TH -25°C) and low ranges (+259C, -TL) by dividing the 
gain error by the respective change in temperature. The 
specification is the larger of the two representing worst 
case drift. 

OFFSET DRIFT - The change in analog output with all bits 


OFF over the specified temperature range expressed in 
parts per million of full scale range per OC (ppm of FSR/9C). 


Offset error is measured with respect to +25°C at high (TH) 
and low (T,) temperatures. Offset Drift is calculated for both 
high (TH -25°C) and low (+25°C -T,) ranges by dividing 
the offset error by the respective change in temperature. 
The specification given is the larger of the two, representing 
worst-case drift. 


Power Supply Sensitivity 


Power Supply Sensitivity is a measure of the change in gain 
and offset of the D/A converter resulting from a change in 
-15V or +15V supplies. It is specified under DC conditions 
and expressed as parts per million of full scale range per 


ae oe < snc ae “Pe percent of change in power supply (ppm of FSR/%). 
111...111 +FS-1LSB +FS-1LSB Zero- 1LSB Compliance 
011...111 FS - 1 LSB Zero- 1LSB +FS-1LSB F , , 
Compliance Voltage is the maximum output voltage range 
* Invert MSB with external inverter to obtain that can be tolerated and still maintain its specified accuracy. 
Two’s Complementing Coding Compliance Limit implies functional operation only and 


makes no claims to accuracy. 
Glitch 
A glitch on the output of a D/A converter is a transient spike 


glitches considerably. 


Applying the HI-565A 
Op Amp Selection 


The HI-565A’s current output may be converted to voltage 
using the standard connections shown in Figures 1 and 2. 
The choice of operational amplifier should be reviewed for 
each application, since a significant trade-off may be made 
between speed and accuracy. 


For highest precision, use an HA-5177. This amplifier con- 
tributes negligible error, but requires about 114s to settle 
within +0.1% following a 10V step. 


The Harris Semiconductor HA-2600 is the best all-around 
choice for this application, and it settles in 1.5yus (also to 
+0.1% following a 10V step). Remember, settling time for 
the DAC-amplifier combination is /tp2 + ta2, where tp, ta 
are settling times for the DAC and amplifier. 


No-Trim Operation 


The HI-565A will perform as specified without calibration 
adjustments. To operate without calibration, substitute 5022 
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resistors for the 1002 trimming potentiometers: In Figure 1 O + 15V 
replace R2 with 50; also remove the network on pin 8 and own 
connect 502M to ground. For bipolar operation in Figure 2, 

replace R3 and R4 with 500 resistors. eae 

Typical unipolar zero will be +1/2 LSB plus the op amp © 20V SPAN 
offset. = a 


©10V SPAN 


The Feedback capacitor C must be selected to minimize 
settling time. 


Calibration 


. ° Py = TABLE 1) 
Calibration provides the maximum accuracy from a 


converter by adjusting its gain and offset errors to zero. For 
the HI-565A, these adjustments are similar whether the 
current output is used or whether an external op amp is 
added to convert this current to a voltage. Refer to Table 5 FIGURE 1. UNIPOLAR VOLTAGE OUTPUT 
for the voltage output case, along with Figure 1 or 2. 


Calibration is a two step process for each of the five output 
ranges shown in Table 1. First adjust the negative full scale 
(zero for unipolar ranges). This is an offset adjust which 
translates the output characteristic, i.e. affects each code by 
the same amount. 


Next adjust positive FS. This is a gain error adjustment, 
which rotates the output characteristic about the negative 
FS value. 


For the bipolar ranges, this approach leaves an error at the 
zero code, whose maximum value is the same as for integral 
nonlinearity error. In general, only two values of output may 
be calibrated exactly; all others must tolerate some error. 
Choosing the extreme end points (plus and minus full scale) 
minimizes this distributed error for all other codes. FIGURE 2. BIPOLAR VOLTAGE OUTPUT 


TABLE 5. OPERATING MODES AND CALIBRATION 


CIRCUIT CONNECTIONS CALIBRATION 
OUTPUT PIN 10 PIN 11 RESISTOR APPLY TO SET 
RANGE TO TO (R) INPUT CODE ADJUST | Vo 
Oto +10V Vo All 0’s OV 
All 1’s +9.99756V 


OV 
+4.99878V 


All0’s -10V 
+9.99512V 


-5V 
+4.99756V 


Unipolar 
(See Fig. 1) 


Bipolar 
(See Figure 2) 
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Other Considerations 
Grounds 


The HI-565A has two ground terminals, pin 5 (REF GND) 
and pin 12 (PWR GND). These should not be tied together 
near the package unless that point is also the system signal 
ground to which all returns are connected. (If such a point 
exists, then separate paths are required to pins 5 and 12). 


The: current through pin 5 is near-zero DC*; but pin 12 
carries up to 1.75mA of code — dependent current from 
bits 1, 2 and 3. The general rule is to connect pin 5 directly 
to the system “quiet” point, usually called signal or analog 
ground. Then, of course, a single path must connect the 
analog/signal and digital/power grounds. 


Layout 


Connections to pin 9 (IOyT) on the HI-565A are most criti- 
cal for high speed performance. Output capacitance of the 
DAC is only 20pF, so a small change or additional capaci- 
tance may alter the op amp’s stability and affect settling 
time. Connections to pin 9 should be short and few. Compo- 


nent leads should short on the side connecting to pin 9 (as 
for feedback capacitor C). 


Bypass Capacitors 


Power supply bypass capacitors on the op amp will serve 
the HI-565A also. If no op amp is used, a 0.01yF ceramic 
capacitor from each supply terminal to pin 12 is sufficient, 
since supply current variations are small. , 


*Current cancellation is a two-step process within the HI- 
565A in which code-dependent variations are eliminated, 
then the resulting DC current is supplied internally. First an 
auxilliary 9 bit R-2R ladder is driven by the complement of 
the DACs input code. Together, the main and auxilliary 
ladders draw a continuous 2.25mA from the internal 
ground node, regardless of input code. Part of this DC 
current is supplied by the zener voltage reference, and the 
remainder is sourced from the positive supply via a current 
mirror which is laser trimmed for zero current through the 
external terminal (pin 5). 
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Features 


® This Circuit is Processed in Accordance to Mil-Std- 
883 and is Fully Conformant Under the Provisions of 
Paragraph 1.2.1. 


© DAC 87 Alternate Source 

¢ Monolithic Construction (Single Chip) 
e Fast Settling 

e Guaranteed Specifications 

e Wafer Laser Trimmed 

e Applications Resistors On-Chip 

@ On-Chip Reference 

e Dielectric isolation (DI) Processing 

e +12V Power Supply Operation 


Applications 


e High Speed A/D Converters 
e Precision Instrumentation 
e CRT Display Generation 


Pinouts 


H1I1-5687V/883 (CERAMIC SIDEBRAZE DIP) 
TOP VIEW 


(MSB) BIT 1] | 1 24 || 6.3V REF OUT 


23 | | GAIN ADJUST 


21 | | COMMON 

20 | | SUMMING JUNCTION 
19 | | 20V RANGE 

18 || 10V RANGE 

17 | | BIPOLAR OFFSET 
16 | | REF INPUT 


(LSB) BIT 12 [} 12 13 |} Vpp, LOGIC SUPPLY 


—_—__—-—----—rrr—————————— err C—* 


Wide Temperature Range Monolithic 
12-Bit Digital-to-Analog Converter 


Description 


The HI-5687V/883 is a monolithic direct replacement for 
the popular DAC 87-CBI wide temperature range digital- 
to-analog converter. Single chip construction, along with 
several design innovations make the HI-5687/883 the 
optimum choice for low cost, high reliability applications. 


The Harris unique Dielectric Isolation (Dl) processing 
reduces internal parasitics, resulting in fast switching 
times and minimum glitch. On-board span resistors are 
provided for good tracking over temperature, and are 
laser trimmed to high accuracy. These may be used with 
the on-chip op amp. 


Internally, the HI-5687V/883 eliminates code dependent 
ground currents by routing current from the positive 
Supply to the internal ground node, as determined by an 
auxiliary R-2R ladder. This results in a cancellation of 
code dependent ground currents, allowing virtually zero 
variation in current through the package common, pin 
21; (20). 


The HI-5687V/883 includes an on-chip output amplifier, a 
buried zener voltage reference featuring low temperature 
coefficient, and operates with a +5V logic supply and a 
+*VCC. -VEE in the range of +11.4V to +16.5V. 


HI4-5687V/883 (CERAMIC LCC) 
TOP VIEW 


BIT 1 (MSB) 
6.3V REF OUT 
GAIN ADJUST 


s 

SS 
re 
HOS) 
Z 


i] 

J 
noe 
cn 


BIT 4 COMMON 


r: 


BIT 5 


ro 


co 
C7 re 
Geol St OL! IRE bebt tae 
o Ls] w 


SUMMING JUNCTION 


ro 


BIT 6 20V RANGE 


NC NC 


= 


BIT 7 10V RANGE 
BIPOLAR OFFSET 


REFERENCE INPUT 


rc 


NO 


ah. 


BIT 8 


oad 
= 

J 
pa | 


BIT 12 (LSB) 
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Functional Block Diagram 


BIT 12 IN 
e 10V 


BIPOLAR REF BIT 1 IN ia 
OFFSET IN OUT COMMON +Vcc Vpp (MSB) SPAN R 
e S225 % GY if dai) boot)  y-G)-~O): O OO. .O..0O 0.0 
GROUND 5K a9y 
CURRENT SPAN R 
6.3KQ mayer ake DIGITAL INPUT LEVEL SHIFTERS & SWITCH DRIVERS 5K 
+++ C) SPAN b> 


) 


as Se 
ean ne I, P 2, 


V 


ome | a Reed, Deeb Bee -S ed Bee a eee al ee a ee ee ee bed Ded Ed ee 
ne 
GAING : 
ADJUST ve 
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Absolute Maximum Ratings (Note 1) Thermal Information 

All Voltages Referred to Common Thermal Resistance, Junction-to-Case (9jc) 

Power Supply Inputs CG TAIG IE POMS soi ccc csncths sedan css iets sxadevsncnsics Sedans 12°0C/W 
BE hres nrc ath ict psaudonn taunts nas handivnnes teahianete +20V COTE Er ACIS «cae ckcascesseussenticcastierccesnveesstoeckl 40°C/W 
BNI Ba coir pkiead vies dew ois ty wiaiduduibsinucailonseasueh set han onstaska ds veisanalsdainnseadsnies -20V «Thermal Resistance Junction-to-Ambient (6a) 
bd 5 OP eA JO 2 0: SOR 2 RR ney ape ne, 8t +20V CErAMIG NOUS PAERAGS « vccchivescsecnnzsaccidacmedaesa-sipppranien ts 49°C/W 

Reference Ceramic UGC Packaue........s08G5..005.a...usmnta. 819C/W 
|: 210 | Seen Se See ie eee ae fesh, is 3 Ge AAR a +Vcc to-VEE Power Dissipation at 75°C 
COPE IRTIBIAT ofc ass. doo 9s easing ptabioned eg 2sets--4.< cab «akon Sega ae 6mA Geramic DIP: Package: 2B anR ss oh..ccdeccbscssnticasessesess 2040mW 

Digital Inputs Ceramic LOG-PaChaGescra a uedgsioud teciedosschecagnrnsccpescesss 1235mW 
BitS21 [0.12 ..icc....scdsascevcacssedeeercrreretsrseiscneees eeeeteey -1V to+12V —_ Power Dissipation Derating Factor (Above +759C) 

Storage Temperature Range ...............ccccceeeee -65°C to +150°C GRTAINIG TLE PACKEGS fore) acces cv scbaccage cde doncechseaenuss cess 20.4mW/9C 

Lead Temperature (Soldering 10S@C) ..........ccccccecceseeeseeeeees 275°C Ceramic LCC PackaGe:..,.j.scic.ssscedscvsd svg leeesons 12.35mW/°C 

JUNCHON-TOMDOGARUNR GAS .ocesecscshettttheccutipoeocrievhdeteeny 175°C 


Recommended Operating Conditions 


Operating Temperature Range..................0cc00 -§5°C tO +125SC, “Reference Input VOlages.....05.c.iideccpeeccsseactschbpervensessvassoseoes 6.3V 
Operating Supply Voltage (Note 5); LOC EW OVO a ii bien ip annnn dd cacnadmnaetee Leneti aks hisacadss OV to 0.8V 
SNUG oi cca senntgen tah ted nvepiann as Aaa ceganereg achat Sateen amatset ulead *12V 10. F15V i © > OBIS TAIGK; LOVGN sialic}. testes nocegeo tenuate ante ote 2.0V to 5.5V 
| =| eee re imme ie tt RAL Ar LES -12V to -15V 
NTMI arts rutnn'sy ccvig insegenbuilee esc toes teat Runa SU lgriedan eilen te coker eaten +5V 


TABLE 1. D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 


Devices Tested at +Vcc = +15V, -VEE = -15V, Vpp = +5V, Reference Out Connected to Reference In, Pin numbers correspond to 
DIP package only; Unless Otherwise Specified. 


GROUP A LIMITS 
D.C PARAMETERS | SYMBOL CONDITIONS SUBGROUPS | TEMPERATURE | MAX | UNITS 


| MIN | 
ass ME Bs sae 
| -20.0_| 


Supply Current All Bits OFF, Viz = 2.0V 


Icc 


2,3 -559C, +1259C 


Supply Current lEE All Bits OFF, Vip = 2.0V -20.0 
From Veg 2 : 


From Vcc 


mA 

mA 

| A 

Supply Current All Bits OFF, Vj} = 2.0V 1 PS eR. Pay Sees ol BO. he mA 
From Vpp 2,3 -55°C, +1250C | — | 950 | mA 
1 = A ee 

| 025 | uA 

: MA 

V 

V 


9.50 
Digital Input Low Ne Each Bit Tested Separately Input Under 
Current Test, Vi, = OV, all other Bits, Vj, = 0.8V 2,3 55°C, +125°C -100 
Digital Input High WH Each Bit Tested Separately Input Under 0.25 
Current Test, Vjp4 = 5.5V all other Bits, Vj, = 0.8V 2,3 -550C, +125°C 
40 


All Bits OFF, Vip = 2.0V 


He 


Unipolar Offset Ves All Bits OFF, Vjy = 2.0V ; % FSR 
Error (Note 2) 2,3 -55°C, +1250C % FSR 
i 1 , 
= 0. 2, 


Unipolar Gain AE All Bits OFF to all Bits ON % FSR 
Error ViH = 2.0V, Vi, = 0.8V (Note 2) 3 -550C, +125°C % FSR 
Unipolar Gain Error, All Bits OFF to all Bits ON t5mA Load 1 


+5mA Load Current Current from Vo (Pin 15) to Ground 2,3 -§5°C, +1259C 


7 us 
= ¥ - 
Bs < 


CAUTION: These devices are sensitive to electrostatic discharge. Proper IC handling procedures should be followed. 
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Reference Voltage 


Unipolar Unipolar 10V Range 
Bipolar 20V Range 
Bipolar 20V Range 


2.5mA Current Source from Pin 24 to 
Ground 


Bipolar 
Loaded 


Power Supply All Bits ON, Vi, = 0.8V A% FSR 
Sensitivity Voc from 16.5V to 11.4V % AVoc 


From Vcc Bipolar Mode, +5V Range 


A% FSR 
% AVop 


Power Supply 
Sensitivity 


All Bits ON, Vj, = 0.8V 
Vop from 4.5V to 5.5V 
Bipolar Mode +5V Range 


From Vpp 


A% FSR 
mA VEE 


Power Supply All Bits ON. Viny = 0.8V 
Veg from -16.5V to -11.4V 


Bipolar Mode +5V Range 


Sensitivity 
From Veg 


Specifications HI-5687V/88&3 


TABLE 1. D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


Devices Tested at +Vcc = +15V, -VeE = -15V, Vpp = +5V, Reference Out connected to Reference In, Pin numbers correspond to DIP 
package only, Unless Otherwise Specified. 


GROUP A LIMITS 
SYMBOL CONDITIONS SUBGROUPS | TEMPERATURE | MIN | MAX — UNITS 


Bipolar Offset Error | BPOg % FSR 


D.C. PARAMETERS 


All Bits OFF, Vip = 2.0V 
Bipolar +10V Range (Note 2) 


MSB ON, Vj, = 0.8V; all other Bits OFF, 
Vin = 2.0V Bipolar +10V Range 


2 

2 
1 
| 


Bipolar Gain Error BPAgE All Bits OFF, to all Bits ON, Vip = 2V, 


Vi_ = 0.8V Bipolar +10V Range (Note 2) 


c 


afd 


Integral Linearity Unipolar Mode 10V Range, 


Reference Chart B for Codes Tested 


Error 


Differential Linearity DLE Unipolar Mode 10V Range 


Li 
i 
te 
Reference Chart C for Codes Tested L 


Error 1.0 


1 
,3 
1 
io 
, 
,3 
0c [oo | 
Unipolar Mode All Bits ON, Vi, = 0.8V 1 
<a 
3 
1,2 
1,3 


Gain Adjust 


-1.0 
+25°9C +0.20 % FSR 
(Note 6) 
dVREF(U) | (Note 3) | 2 | +2500, +1260C ppm of Var 
dVREF(B) | (Note 3) | 1.2 __| +250C, +1250¢ 20__} ppm of VREF 
(Note 3) +25°9C, +125°C -3.0 | ppm of FSR 
dAgy (Note 3) +250C, +125°9C +2 ppm of FSR 
dA (Note 3) +250C, +125°9C -10 +10 | ppm of FSR 
—E2 eRe ed 
"s nn ae > 
-25 
-25 


Cc 
C 
Cc 
C 
Uer | (Notes) *2500, +1250C 0 
Cc 
Cc 
C 


i 
> 


Reference Voltage 
Drift Unipolar 


< 
D 
m 
n 
= 


Reference Voltage 
Drift Bipolar 


Qa 
< Qa 
Oo 4 
” 


Unipolar Offset 
Drift 


Unipolar Gain 
Drift 


Unipolar Gain Drift 
Exclusive of the 
Internal Reference 


5 
5 


Total Unipolar 


3 
Error 3 


Bipolar Offset dBPoOE (Note 3) +250C, +125°C +10 | ppm of FSR 
Drift dT +250C, -55°C +10 0 
Bipolar Gain dBP aF1 +250C, +125°9C ergs 


2 
Drift 2 


Q 
® 
U Q 
> = 
m 
Le) 


Bipolar Gain Drift 
Exclusive of the 
Internal Reference 


: 
(Note 3) ppm of FSR 


) 
5 
10 
10 


Total Bipolar 
Error 


Ber | (Noted +2500, +1250C 0.24 


+250C, -55°C 0.24 % FSR 
+250C, +1250c | -20 | 


Total Bipolar dBPT (Note 3) -30 30 ppm of FSR 
Drift dT +250C, -55°C oC 


NOTES: 1. Absolute maximum ratings are limiting values, applied individually, beyond which the serviceability of the circuit may be impaired. 

Functional operation under any of these conditions is not necessarily implied. 

Adjustable to zero using external potentiometers. 

See Definitions. 

FSR is a “Full Scale Range” and is 20V for +10V range, 10V for +5V range, etc. 

The HI-5687/883 will operate with supply voltage as low as +11.4V. It is recommended that output voltage ranges -10V to+10V not be used if 

the supply voltages are less than +12.5V. | 

6. Gain Adjust capability is tested by first measuring the full scale output voltage with pin 23 (DIP package) open, positive and negative 
adjustability are checked by applying +15V to pin 23 (DIP package) through a 2.8M0 resistor and measuring the full scale voltage for each 
condition. A minimum delta of +20mvV with respect to the initial reading guarantees ideal full scale adjustment as the gain error specification 
at +25°C is t20mV (0.2% FSR). 


ask oN 
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TABLE 2. A.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 


Devices Tested at tVcc = +15V, -VeEgE = -15V, Vpp = +5V, Reference Out Connected to Reference In, Unless Otherwise Specified 


GROUP A LIMITS 
A.C. PARAMETERS | SYMBOL CONDITIONS 
SR+ 


SUBGROUPS | TEMP | MIN: | MAX | UNITS 
Positive Slew Rate All Bits OFF (Vy = 2V) to all 


4 +250C 11.0 V/us 
Bits ON (Vj, = 0.8V). Bipolar +10V 
Range. Measurement Points at 
dees Sik Si es 


-6V and +6V. Figure 2. 
TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


Negative Slew Rate All Bits ON (Vj, = 0.8V) to all 
Bits OFF (Vj = 2.0V). Bipolar +10V 
Range. Measurement Points at 


+6V and -6V. Figure 2. 


Characterized at +Vcc = +15V, -VEE = -15V, Vpp = +5V, Reference Out Connected to Reference In, Unless Otherwise Specified 


LIMITS 
PARAMETER SYMBOL CONDITIONS NOTES | TEMP | MIN | MAX | UNITS 
PRE SS SESS Se SSP Pa OR EAS EE 2 SBI 8 Ee EL SR Ee eS OEE ECE UST SEE EEE LE ae 
Settling Time ts To +0.5LSB for Full Scale Transition <a +250C 2.0 us 
Unipolar 10V Range, Ry = 5k 
Figures 3 & 4 


NOTES: 7. The parameters listed in Table 3 are controlled via design or process parameters and are not directly tested. These parameters are 
characterized upon initial design release and upon design changes which would affect these characteristics. 


TABLE 4. ELECTRICAL TEST REQUIREMENTS 


MIL-STD-883 TEST REQUIREMENTS SUBGROUPS (SEE TABLES 1, 2 & 3) 


Group A Test Requirements 


*PDA applies to Subgroup 1 only. No other subgroups are included in PDA. 
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Test Conditions 
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Test Conditions 
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Waveforms 
2.0V 2.0V 9.995V 
+6V +6V 
-6V -6V 
0.8V -10V -10V 
* 3ns RISE AND FALL TIMES 
om 1 ~23=hoT2 T3 4 
OUTPUT 


DIGITAL INPUTS 


FIGURE 2. SLEW RATE WAVEFORMS 


90% 


be DIGITAL 
tRISE = 8ns 


tFALL = 8ns INPUTS 
90% 


INPUTS 
10% 


OUTPUT 
OUTPUT 


TON TOFF -.5LSB 


DATA CONVERSION 
PRODUCTS 


FIGURE 3. SETTLING TIME WAVEFORMS 
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Test Circuit 


OVOLT SCHOTTKY 
ADJUST NULL 


jp Stiles AMP DIGITIZER DIGITIZER #1 
RESISTANCE | 444 VOUT 
AMPLIFIER fe 
DIGITIZER DIGITIZER#2 
#2 VOUT 


DUT DIGITAL DRIVE PULSE GENERATOR 


3.5 us DELAY 


FIGURE 4. SETTLING TIME TEST FIXTURE 
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CHART B. 


DIGITAL CODE 


“oor s+3 00220 074220 42 2 42 2 an an nian 
<x «— KK KR WR WK KKK KH BP BP BH OH KH BH Ht Kt AH A 
> a > > > > > > 9 ee 
b> > > > > > De 
> a a > > > > > > > ee > ee 
< <x KK KK KOK KKK BA Be BP eB BP BP Bt BH Olt A 
> > > > > > > > ee 
> a > > > a > > ee 
xx «x «x «M&M «KK KK KB BB BB Am A i 


orerw-e- s&s Ood§9aoo--'-_- + + 0o- -+- —- - + +--+ + + 


: 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
0 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 


ooooo-r-+--7-+ -+- - + + oO 7-7 —- —- =-— =- -—- = oo ro 


~maonmnnonwnon © © O © 


NOTE DIGITAL CODE NOTE 


MSB LSB 


<x xeoooor-r-tivrrH-ao0o0ocd0oo-7- + + 090 0 
<x xoor-rt odndorrH+O0e0+; +900 + OO + 
xxx «x «KKK KKK KKK KKK KK KK 
xxx «x Ke K KK KK KKK KKK KK KK 
xxx xxx xXx MRK KK KKK KKK KKK 
xx «x KKK KKK KKK KKK KKK KK 
xx xx «KKK KKK KKK KKK KK KK 
x_xxxxxxKKK KKK KKK KKK KK 
x_“x x KKK KK KKK KKK KKK KKK 
xxx MK KKK KK KKK KKK KK KK 
onmnownnoeweinoeiweaoewnendenwndih © wWOOnH OO ® O 


x xKxooo9oejeooooeoooe§#é#oooo oo+ + + 
xxoad0qoaoo0oooo0ooo0o--+- -+- +--+ + 0900 


NOTES: 8. X=0 (Vj, = 0.8V) if the linearity error for that bit was measured as a positive error. X= 1 (Vj}4 = 2.0V) if the linearity error for that bit was 


measured as a negative error. 


9. X=0 (Vj, = 0.8V) if the linearity error for that bit was measured as a negative error. X= 1 (Vip = 2.0V) if the linearity error for that bit was 


measured as a positive error. 


Integral Linearity Error Measurements 


The transfer characteristics of the DUT are first 
determined by measuring its end points (all bits OFF, all 
bits ON). The end points of the reference DAC are then 
matched to the DUTs through software and hardware 
adjustments, to establish an ideal transfer characteristic 
for the DUT. The reference DAC then supplies one 12-bit 
LSB (DUT, all Bits OFF) to the input of the error amplifier 
and RT is adjusted to obtain an output of 1V. The integral 


linearity error, measured at the output of the error 
amplifier is the difference between the ideal voltage 
supplied by the reference DAC and the output voltage of 
the DUT for the code under test 


LSB’s of Error = 


(ideal voltage - measured voltage) x LSBS 


Volt 
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CHART C. 


FROM CODE 


uJ 
a) 
oO 
oO 
Oo 
-~ 
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0-0.*0=0-0 20:0 

0 0 0 6.0: 00°90 
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B00: 0 Oe 
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O80: O°" “OO 0.4.8 


1 


1 


D:0 0-0 0:°0.029 
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U0 OF o-oo Be 09 
O00 0-80 0 (0.20 
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g.0--0 “0° 0_ 0:00 


op. 00 @ 0 OO “0.9 


0 1 


1 
le: oy 
0 0 1 


02502 0-0-0: Oa) 
02°0-0'°.0°0°0 0::0::0 


1 


0:0. 0-0-0. 8 ao 


0 ei SS © a 


Differential Linearity Error Measurements 


is then increased by 1LSB and the output error is mea- 


The DUT and the reference DAC supply the code under 


test to the input of the error amplifier, and the resulting 
output error is measured (E71). The digital code of the DUT 


sured a second time (E92). The differential linearity error is 


LSB’s of error. 


- 1LSB 


(Eg! E4) 
Volts/LSB 


calculated as, 
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Burn-In Circuits 
HI-5687V/883 (CERAMIC SIDEBRAZE DIP) 


f11© 6.3V REF. 


100 GAIN ADJUST. 
+15V 


f¢ © 20V RANGE 
tO 10V RANGE 
f4O BIPOLAR OFFSET 


0 REF INPUT 
f2© VouT 


f1© -VEE 


NOTES: 

Ry = 2.0kQ, + 5%, 1/2 or 1/4 Watt 

Cz - Cg = 0.01yuF (one each per socket) or 0.1yF (per row) 
Dz - Dg = 1N4003 (one each per board) 


fo = 100kHz TTL Logic Levels fg = {9/64 TTL Logic Levels 
fy = fo/2 50% Duty Cycle f7 = {9/128 50% Duty Cycle 
fo = fo/4 fg = {9/256 

fz = fo/8 fg = f9/512 

fq = f9/16 f19 = f9/1024 

f5 = fo/32 f44 = {9/2048 


HI-5687V/883 (CERAMIC LCC) 


+15V 


BIT3 BIT2 BIT1 NC 6.3V GAIN 


+Vcc 
(MSB) —- REF. OUT ADJ. 
{9/256 © GND 


9/32 O 10V RANGE 
9/16 O BIPOLAR OFFSET) 


9/8 © REF INPUT 


BIT10 BIT11BIT12 NC Vop -VEE VOUT 


{9/4 9/2 


C3 
NOTES: 
Ry = 2.0kN, + 5%, 1/2 or 1/4 Watt 
Cz - Cg = 0.011F (one each per socket) or 0.1uF (per row) 
Dz - Dg = IN4002 (one each per board) = 
Fo = 100kHz (TTL Logic Level), 50% Duty Cycle 
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Die Characteristics 


DIE DIMENSIONS: 125 x 210 x 19 mils TRANSISTOR COUNT: 259 
METALLIZATION: PROCESS: Bipolar-DI 

Type: Al DIE ATTACH: 

Thickness: 16kA + 2kA Material: Gold/Silicon Eutectic Alloy 
GLASSIVATION: Temperature: Ceramic DIP - 460°C (Max) 

Type: Silox Ceramic LCC - 420°C (Max) 


Thickness: 14kA + 2.0kA 
WORST CASE CURRENT DENSITY: 2.26 x 10°A/cm2 


This device meets Glassivation Integrity Test 
requirement per Mil-Std-883 Method 2021 and 
Mil-M-38510 paragraph 3.5.5.4. 


Metallization Mask Layout 
| HI-5687V/883 


BIT2  BIT1 
j (MSB) 6.3V GAIN ADJUST 


IF * Al 


BIT 4 


| seu 
} = ~ i i 
i aT, — 
|} l 
| Hi] Hi 
=" i] }) ZS 


= JUNCTION 
BIT 5 
20V RANGE 


10V RANGE 


BIT 6 


9 at 


) 


BIT7 


135 
8 
i 


HIS68x-V 


i: 


BIT 8 


BIT 9 
Ba 


¢ REF INPUT 


11 12 


L | (_S- 
n | 
BIT10 EL l SSS 
i 
7 ~ -VEE VOUT 
BIT 12 
BIT11 (LSB) vob 


NOTE: Pad Numbers Correspond to DIP Package Only. 
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Packaging t 
24 PIN CERAMIC SIDEBRAZE DIP 
1.185 587 
225 + .005 MIN 1.215 | .080 [805] 
MAX & { .110 
.008 
a | .015 
.150 100 040 “L125 598 
MIN 040 BSC .060 180 612, 
MAX .054 
LEAD MATERIAL: Type B INTERNAL LEAD WIRE: 
LEAD FINISH: Type C Material: Aluminum 
PACKAGE MATERIAL: Multilayer Ceramic, 90% Alumina Diameter: 1.25 Mil 
PACKAGE SEAL: Bonding Method: Ultrasonic 
Material: Gold/Tin (80/20) COMPLIANT OUTLINE: 38510 D-3 


Temperature: 450°C +10°C 
Method: Furnace Seal 


28 PAD CERAMIC LCC 


DATA CONVERSION 
PRODUCTS 


PAD MATERIAL: Type C INTERNAL LEAD WIRE: 

PAD FINISH: Type A Material: Aluminum 

FINISH DIMENSION: Type A Diameter: 1.25 Mil 

PACKAGE MATERIAL: Multilayer Ceramic, 90% Alumina Bonding Method: Ultrasonic 
PACKAGE SEAL: COMPLIANT OUTLINE: 38510 C-4 


Material: Gold/Tin (80/20) 
Temperature: 320°C +10°C 
Method: Furnace Braze 


NOTE: All Dimensions are — Dimensions are in inches. t Mil-M-38510 Compliant Materials, Finishes, and Dimensions. 
ax 
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DESIGN INFORMATION 


HI-5687V 


Wide Temperature Range Monolithic 
12-Bit Digital-to-Analog Converter 


The information contained in this section has been developed through characterization by Harris Semiconductor and is 


for use as application and design data only. No guarantee is implied. 


Definitions of Specifications 
Digital Inputs 


The HI-5687V accepts digital input codes in comple- 
mentary binary, complementary offset binary, and 
complementary two’s complement binary. 


ANALOG OUTPUT 


COMPLE- COMPLE- 

MENTARY MENTARY 
OFFSET TWO’s 
BINARY COMPLEMENT“ 


COMPLE- 
MENTARY 
BINARY 


DIGITAL 
INPUT 


MSB LSB 
000... 000 
100... 000 
cu eee te 
OE ais TF 


-LSB 
+Full Scale 
Zero 
-Full Scale 


+Full Scale 
-1 LSB 
-Full Scale 
Zero 


+Full Scale 
Mid Scale -1 LSB 
Zero 
+1/2 Full Scale 


“Invert MSB with external inverter to obtain CTC Coding 
Settling Time 


That interval between application of a digital step input, 
and final entry of the analog output within a specified 
window about the settled value. Harris Semiconductor 
usually specifies a unipolar 10V full scale step, to be 
measured from 10% of the input digital transition, and a 
window of +1/2 LSB about the final value. The device 
Output is then rated according to the worst (longest 
settling) case: low to high, or highto low. Ina12 bitsystem 
+1/2 LSB = +0.012% of FSR. 


Thermal Drift 


Thermal drift is based on measurements at +259C, +1259C 
(TH) and -55°9C (TL). Drift calculations are made for the 
high (+125°9C, +25°9C) and low (+25°9C, -559C) ranges, and 
the larger of the two values is given as a specification 
representing worstcase drift. 


Gain Drift, Offset Drift, Reference Drift and Total Bipolar 
Drift are calculated in parts per million per °C as follows: 


Oo 
G@ancbans SBSRASS. yee 
FSR 


Oo 
Siied Ohi Se ve G08 
FSR 


A VREF/APC 
VREF 


Reference Drift = 


AV0/A°C 
FSR 


Total Bipolar Drift= x 106 


NOTE: FSR=_ Full Scale Output Voltage 


- Zero Scale Output Voltage 


A FSR = FSR (+125°C) - FSR (+259C) 
or FSR (+25°C) - FSR (-55°C) 
Vo = Steady-state response to any input code. 


Total Bipolar Drift is the variation of output voltage with 
temperature, in the bipolar mode of operation. It repre- 
sents the net effect of drift in Gain, Offset, Linearity and 
Reference Voltage. Total Bipolar Drift values are cal- 
culated, based on measurements as explained above. 
Gain and Offset need not be calibrated to zero at +259C. 
The specified limits for TBD apply for any input code. 


Accuracy 


LINEARITY ERROR—(Short for “Integral Linearity Error.” 
Also, sometimes called “Integral Nonlinearity” and “Non- 
linearity”.)- The maximum deviation of the actual transfer 
characteristic from an ideal straight line. The ideal line is 
positioned according to end-point linearity for D/A con- 
verter products from Harris Semiconductor, i.e. the line is 
drawn between the end-points of the actual transfer char- 
acteristic (codes 00...0 and 11...1). 


DIFFERENTIAL LINEARITY ERROR—The difference 
between one LSB and the output voltage change 
corresponding to any two consecutive codes. A 
Differential Nonlinearity of +1 LSB or less guarantees 
monotonicity. 


MONOTONICITY—The property of a D/A converter’s 
transfer function which guarantees that the output 
derivative will not change sign in response to a sequence 
of increasing (or decreasing) input codes. That is, the 
only output response to a code change is to remain 
constant, increase for increasing code, or decrease for 
decreasing code. 


TOTAL ERROR—The net output error resulting from all 
internal effects (primarily non-ideal Gain, Offset, Linear- 
ity and Reference Voltage). Gain and offset errors must be 
calibrated to zero at t25°9C. Then the specified limits for 
Total Error apply for any input code and for any temper- 
ature within the specified operating range. 


Power Supply Sensitivity 


Power Supply Sensitivity is a measure of the change in 
gain and offset of the D/A converter resulting from a 
change in +VCc, Vpp or -VEE supplies. It is specified 
under DC conditions and expressed as full scale range 
percent of change divided by power supply percent 
change. 
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DESIGN INFORMATION 


(Continued) 


The information contained in this section has been developed through characterization by Harris Semiconductor and is for 


use as application and design data only. No guarantee is implied. Pin numbers correspond to DIP package only. 


A Full Scale Range x 100 
Full Scale Range (Nominal) 
A V x 100 
V (Nominal) 


P.S.S. = 


Glitch 


A glitch on the output of a D/A converter is a transient 
spike resulting from unequal internal ON-OFF switching 
times. Worst case glitches usually occur at half-scale, i.e. 
the major carry code transition from 011...1 to 100...0 or 
vice versa. For example, if turn ON is greater than OFF for 
011...1 to 100...0, an intermediate state of 000...0 exists, 
such that, the output momentarily glitches toward zero 
output. Matched switching times and fast switching will 
reduce glitches considerably. (Measured as one half the 
product of duration and amplitude.) 


Decoupling and Grounding 


For best accuracy and high frequency performance, the 
grounding and decoupling scheme shown in Figure 5 
should be used. Decoupling capacitors should be 
connected close to the HI-5687V (preferably to the device 
pins) and should be tantalum or electrolytic bypassed 
with ceramic types for best high frequency noise 
rejection. 


FIGURE 5. 


Reference Supply 


An internal 6.3 Volt reference is provided on board the 
H1I-5687V models. This voltage reference (pin 24) must be 
connected to the reference input (pin 16) for specified 
operation. This reference may be used externally, 
provided current drain is limited to 2.5mA. An external 
buffer amplifier is recommended if this reference is to be 
used to drive other system components. Otherwise, 
variations in the load driven by the reference will result in 
gain variations of the HI-5687V. All gain adjustments 
should be made under constant load conditions. 


Output Voltage Ranges 
HI-5687V 


FIGURE 6. 


RANGE CONNECTIONS 


Gain and Offset Calibration 


UNIPOLAR CALIBRATION 


Offset 
e Turn all bits OFF (11...1) 
e Adjust Ro for zero volts out 


Step 1: 


Gain 
e Turn all bits ON (00...0) 
e Adjust R1 for FS-1LSB 
That is: 
4.9988 for 0 to +t5V range 
9.9976 for 0 to +10V range 


BIPOLAR CALIBRATION 


Step 2: 


Offset 

e Turn all bits OFF (11...1) 

e Adjust R2 for Negative FS 
That Is: 

-10V for +10V range 

-5V for +5V range 

-2.5V for +2.5 range 


Step 1: 


Step 2: Gain 
e Turn all bits ON (00...0) 
e Adjust R1 for positive FS-1LSB 
That is: 
+9.9951V for +10V range 
+4.9976V for +5V range 
+2.4988V for +2.5V range 


This Bipolar procedure adjusts the output range end points. The 
maximum error at zero (half scale) will not exceed the Linearity error. 
See the “Accuracy” specifications. 
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PRODUCTS 


HI-5687V 
DESIGN INFORMATION = (continuea) 


The information contained in this section has been developed through characterization by Harris Semiconductor and is for 
use as application and design data only. No guarantee is implied. 


TYPICAL PERFORMANCE CHARACTERISTICS 


PARAMETER SYMBOL CONDITIONS NOTES | TEMP eee 
SE ES SSE eS ET ES RY CSS CRSA CB RES I PET TS 2 A AIR SS EE ST 


smaneare| co [emumee |» [wo] — [ow 
Internal Reference | REFQytT +250C 

Output Impedance 

Output Short Pin 15 to GND, Unipolar 10V 10, 117 | :+25°C 

Circuit to GND Range, All Bits ON 


NOTES: 10. The parameters listed in this Table are controlled via design or process parameters and are not directly tested. These parameters are 
characterized upon initial design release and upon design changes which would affect these characteristics. 


11. Under short circuit conditions, the amplifier will current limit. The duty cycle must not exceed 2.7% to maintain an acceptable current 
density level. 
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Gg? HARRIS 


1-574A/883 


Fast, Complete 12-Bit A/D Converter 


July 1988 With Microprocessor Interface 


Features 


e This Circuit is Processed in Accordance to Mil-Std- 
883 and is Fully Conformant Under the Provisions of 
Paragraph 1.2.1. 


Complete 12-Bit A/D Converter with Reference and 
Clock 


Full 8-, 12-, or 16-Bit Microprocessor Bus Interface 
250ns Bus Access Time (Max. Over Temp.) 

No Missing Codes Over Temperature 

Minimal Setup Time For Control Signals 

25us Maximum Conversion Time 


Low Noise, Via Current-Mode Signal Transmission 

Between Chips 

Byte Enable/Short Cycle (Ag Input) 

» Guarantees Break-Before-Make Action, Eliminating 
Bus Contention During Read Operation. Latched by 
the Start Convert Input (To Set the Conversion 
Length) 


Improved Second Source For AD574A And HS574 
+12V to +15V Operation 


. . az 
Applications Power requirements are +5V and +12V to +15V, with g 

j isiti typical dissipation of 385mW at +12V. Two electrical ae dd 

e Military and Industrial Data Acquisition Systems yp p Tir 

ee ix Fak had SGentine. ; grades are offered over the -550C to +1259C temperature > 

ectronic Test And Scientific Instrumentation range. Both models are available in a 28 pin Sidebrazed Ss Q 

e Process Control Systems DIP, or a 44 pad Ceramic LCC package. a 
>: 
Qa 


Pinouts 4!1-574A/883 (SIDEBRAZED DIP) 
TOP VIEW 


+5V SUPPLY VLQGIC 
DATA MODE SEL 12/8 


CHIP SEL, CS 

BYTE ADDR/SHORT 
CYCLE, Ag 
READ/CONVERT, R/C 
CHIP ENABLE, CE 
+15V SUPPLY, Vcc 
+10V REF, REF OUT 
ANALOG 

COMMON, AC 

REF INPUT, REF IN 
-15V SUPPLY, VEE 
BIPOLAR OFFSET 
BIP OFF 


ov INPUT [] 13 16[] 080 LsB J 
20vinPuT L| 14 15| ] DIG COMMON, DC 


STATUS, STS 
DB11 MSB 
DB10 


DBI 


DB8 
DIGITAL 


DATA 


oowonrnonwtR wr 


OUTPUTS 


10 


_—=- = 
np lu 


Description 


The HI-574A/883 is a complete 12-bit Analog-to-Digital 
Converter, including a +10V reference, clock, three-state 
outputs and a digital interface for microprocessor control. 
Successive approximation conversion is performed by 
two monolithic dice housed in a single package. The 
bipolar analog die features the Harris Dielectric Isolation 
process, which provides enhanced AC performance and 
freedom from latch-up. 


Custom design of each IC (bipolar analog and CMOS 
digital) has yielded improved performance over existing 
versions of this converter. The voltage comparator 
features high PSRR plus a high speed current-mode latch, 
and provides precise decisions down to 0.1 LSB of input 
overdrive. More than 2X reduction in noise has been 
achieved by using current instead of voltage for 
transmission of all signals between the analog and digital 
ICs. Also, the clock oscillator is current-controlled for 
excellent stability over temperature. The oscillator is 
trimmed for a nominal conversion time of 20 + lus. 


The HI-574A/883 offers standard unipolar and bipolar 
input ranges, laser trimmed for specified linearity, gain 
and offset accuracy. The buried zener reference circuit is 
trimmed for minimum temperature coefficient. 


H1I4-574A/883 (CERAMIC LCC) 
TOP VIEW 


CHIP SELECT, CS 
DATA MODE_ 
SELECT, 12/8 

+5V SUPPLY, VLOGIC 


BYTE ADDRESS/ 
SHORT CYCLE, Ag 
STATUS, STS 


14 tb 30h 208 7 0844 143 420841 N49) 
LILIES! ibe sJbae dbs 
NC Loh 


NC 


L 


READ CONVERT, R/C 
CHIP ENABLE, CE 


+15V SUPPLY, Vcc 


+10V REFERENCE, 
REF OUT 


ANALOG COMMON, AC 
REFERENCE INPUT, 
REF IN 

-15V SUPPLY, VEE 


NC 


BIPOLAR OFFSET, 
BIP OFF 
PIC Vee AeA Ae Ar ASV eI 
118 4, 1949200821 082208 23082400 2500 2600 2708 281 


oc 
NC 
NC 


DIG COMMON, 
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H1-574A/883 


Functional Diagram 


OUTPUT BITS 


MSB LSB 
i 2). 3G Os © ® a. ® O oO - 3 


or 2d) ee 28 eet 21 T 2 19 18; I7y 16 


27 
26S HESS iRies! 2 aa ee Se Gad ee RR ae 
i NIBBLE* A NIBBLE* B NIBBLE* C 
CONTROL 


Pt 
12/8 O 
BS o8 : 
NO ) “tosic (aa: THREE-STATE BUFFERS AND CONTROL 
re 
6 
CE CO 
POWER-UP RESET 1D ‘na 
COMMON 
SUCCESSIVE APPROXIMATION REGISTER BA re 


{SAR} 
Pee. STROBE é 


er Pe ee 


ANALOG CHIP 
10 
Vaee IN © 
8 10K 


Vcc 


| 
Veg 


<= 
= 
mn 
nn 
Co 
ts 
— 
e 
= + 
m— 
bes en — 
t —< 
o 
re > 
fee! ; 
a 
O © 


Bs —=7] 
g 2 oe Te Cage 
@ 8 U O) 
ANALOG BIP = 20V.—s10V 
COMMON OFF INPUT INPUT 


*(“NIBBLE” IS A 4-BIT DIGITAL WORD.) 
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Specifications HI-574A/88&3 


Absolute Maximum Ratings 


Thermal Information 


Voc to Digital Ground... ....... 6. cece eee eee ee eeee Oto+16.5V Thermal Resistance, Junction-to-Case (8jc) 
Veg to Digital Ground .......... esse eee eee cence ee ees 0 to -16.5V Sidebrazed DIP Package .......... cece e ee ee eens 129C/W 
VLOGIC to Digital Ground ..........- see eee e eee cece eee Oto 7V Ceramic tiCC Package oti cc cee een eeeees 119C/W 
Analog Common to Digital COMMON 1... esse cece eee eee ees +1V Thermal Resistance, Junction-to-Ambient (ja) 
Control Inputs (CE, CS, AO, 12/8, R/C) to Sidebrazed DIP Package .........-. cece cence eeens 70°C/W 
Digital COMMON .......-2.eeeeerenes -0.5V to VLOGiIc +0.5V Ceramic hLGG Package ....... cue tiviees che cee ea waa 38°C/W 
Analog Inputs (REF IN, BIP OFF, 10Vjjy) to Power Dissipation (at +75°C) 
Analog Common ........cccecceccccecengenseccese +16.5V Sidebrazed DIP Package .........scccecceccccceccns 2.08W 
20 Vin to Analog Common... .... ee ee ee eee eeeeeeee +24V Ceramic LCG Pacnaae csc ts cecsssctadgaeceet «le pngy 2.27W 
REF OUT aves sles o505 ages can esg oe eats Indefinite Shortto Common _ Power Dissipation Derating Factor (Above +759C) 
10ms Short to Vcc Sidebrazed DIP Package ..........--eeeeeeeees 20.8mW/9C 
Storage Temperature Range ..........eeeeeeeee -659C to 150°C Ceramic bOG Packs wn. oi oes ccc eeved ues seas 22.7mW/°C 
Lead Temperature (Soldering 10 Seconds) .............-- 275°C 
Junction Temperature ........cccc ccc cccecccsccssccces +175°C 
Recommended Operating Conditions 
Operating Temperature Range ............-+005 -55°C +1259C = Analog Input Voltage, 1OVjN.......-.e cece eens +5V or Oto +10V 
AVSUPPLY «occ cece e eect e cence eee ee teen eeeneeeaeees +15V = Analog Input Voltage, 20ViNy ......... eee ee eee +10V or 0 to +20V 
-VSUPPLY «eee cece reece cece cere eee een eee eneeeeeeeees -15V Logic Level Low (Vi_)...... cee cc ce cecece reese eenes OV to 0.8V 
“VLOGIC +e occ e cece cece eee e nee eeenesececcereneeereees +5V Logic Level High (Vip)... ccc cn ccc ceceeees 2.4V tot+ 5V 
VBE obi cc asieccreescrenssecccercend mvaeseuseces ep ees +10V 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 
Devices Tested At Voc = *+15V, VEE = -15V, VLOG = 5.0V, Unless Otherwise Specified. 


(Fig. 1, 2 & Note 1, ChartA 
Apply Unless Otherwise Noted) 


CONDITIONS 


(Note 1) 
DC PARAMETER 


Power Supply Output Code = 
Current From 000000000000 and 
Voc 111111111111 (Note 2) 


Power Supply Output Code = 
Current From 000000000000 and 
VEE 111111111111 (Note 2) 


Output Code = 
000000000000 and 
111111111111 (Note 2) 


Power Supply 
Current From 


VLOGIC 


Power Calculated Worst Case 
Dissipation of 2 Conditions (Note 3) 


Input Low 
Current 


VLOG = 5.5V 
Vin(LOGIC) = 0.0V 


Input High 
Current 


VLOG = 5.5V 
Vin(LOGIC) = 2.4V 


ViN(LOGIC) = 5.5V 


High Impedance 
State Output 
Current 


VLOG = 5.5V 

VIN = 11.0V Min 

Output Code = 111111111111 
Set R/C = Logic “0” 

Output Bits 1 thru 12 
Measured Separately 

Vo = 0.0V all Bits (Note 2) 


2 


a) 


ie) 
_ - = = = 


fs 
rer < 


ae 


LIMITS 


GROUP A 
SUBGROUPS TEMP 


- 


+259C 


+1259C, -55°C 


+259C 
+1259C, -559C 
+250C 


+1259C, -559C 


+25°C 
+1259C, -559C 
+250C 


+1259C, -559C -5 


1 


+259C 


1 
E 
5 


+1259C, -559C 
+250C 
+1259C, -55°C 


+1259C, -55°C 
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TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 
Devices Tested At Vcc = +15V, VEE = -15V, V_Qg = 5.0V, Unless Otherwise Specified. 


LIMITS 
HI-574AS HI-574AT 
rewe [a oe [a Tae] ors 


BELA Rw eRe oe oe 


a bd ade: 


(Fig. 1, 2 & Note 1 Apply 
Unless Otherwise Noted) 


CONDITIONS 


GROUP A 
SUBGROUPS 


(Note 1) 
DC PARAMETER 


SYMBOL 


High Impedance 
State Output 
Current 


VLOG = 5.5V 

VIN =-1.0V Max 

Output Code = 
000000000000 

Set R/C = Logic “0” 
Output Bits 1 thru 12 
Measured Separately 

Vo = 5.5V All Bits (Note 2) 


IZH 


Sa 0550 a 
Voltage Levels Output Code = 
000000000000 V 


Measure Output 
Bits 1 thru 12 & STS 
IL = 1.6mA (Note 2) 


: ae Bieak 
{ 


+259C 2.4 


coe 
+250C 9.970 | 10.030 | 9.970 | 10.030 V 


2,3 +125°C, -55°C ines 10.050 a” | 
2 -1 


2,3 | +1250C, -s50c ae 1 


: 


+1259C, -55°C 


: 


VLOG = 4.5 
Output Code = 
111111111111 
Measure Bits 1 thru 12 
I_ = -0.5mA (Note 2) 


rm 
> 


”) 
on 
Lan 
r 
on 
on 


Reference 
Voltage 


Output Code = 
000000000000 
Bipolar, VFSR = 20V 

I_ = 2.0mA (Notes 2, 4) 


ak 
Fr 
ie?) 


Power Supply 
Sensitivity 
ToVcc 


13.5V <Vcc < 16.5V 
Output Transition = 
11111111111X- 
00000000000x 

(Note 5) 


[". 
102) 
wo 


11.4V S Voce S 12.6V 
Output Transition = 
11111111111X- 
00000000000x 

(Note 5) 


Power Supply 
Sensitivity 
TOVLOG 


4.5V 5 VLog = 5.5V 
Output Transition = 
11111111111X- 
00000000000X 

(Note 5) 


| 

—" 
rr 
io) 
ies) 


Power Supply 
Sensitivity 
To Veg 


-16.5 S Vege S -13.5V 
Output Transition = 
114111111111X- 
00000000000X 

(Note 5) 


LSB 


N 
wo 
iy 
on 
-| >| 


-12.6V S Veg S -11.4V 
Output Transition = 
11111111111X- 
00000000000X 

(Note 5) 


Unipolar 
Offset 
Voltage 


Output Transition = 
00000000000X 
(Note 5) 


Bipolar 
Zero 


Output Transition = 
XXXXXXXXXXXX 

Bipolar, VFSR = 20V 
(Note 5) 
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TABLE 1. 


HI-574A/883 


DC ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


Devices Tested At Vcc = +15V, Veg = -15V, VLOG = 5.0V, Unless Otherwise Specified. 


(Note 1) 
DC PARAMETER 


Gain Error 


Integral Linearity 
Error 


Differential Linearity 
Error 


Input Resistance 


Unipolar Offset 
Voltage Drift 


Bipolar Zero Drift 


Gain Error Drift 


(Figure 1, 2 & Note 1 Apply 
Unless Otherwise Noted) 


CONDITIONS 


Output Transition = 
00000000000 

to 11111111111X 
(Note 5) 


Bipolar, VFSR = 20V 
(Note 5) 


Abbreviated Test 
(Note 5) 


Abbreviated Test 
(Note 5) 


10V Span Input 
(Note 11) 


20V Span Input 
(Note 11) 


Output Transition 
00000000000X 
(Note 5) 


Output Transition 
XXXXXXXXXXXX 
Bipolar, VFSR = 20V 
(Note 5) 


Output Transition = 
00000000000X to 
11111111111X 
(Note 5) 


Bipolar, VFSR = 20V 
(Note 5) 


LIMITS 
GROUP A HI-574AS HI-574AT 


SUBGROUPS 


| ea a 


2,.3 +1259C, -559C 


| Ei 
— . 


ise) 


ed 


! ' 
Zz : > 


' 
ye) 
oO 


' 
nh 
oO 
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HI-574A/883 


TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


Devices Tested At Vcc = +15V, VEE = -15V, VLQg = 5.0V, Unless Otherwise Specified. 


HI-574AS HI-S74AT 
5 


eee | ee ee 
iE Boe 
ict ae 


(Figure 1, 2 & Note 1 Apply 
Unless Otherwise Noted) 


CONDITIONS 


(Note 1) 
AC PARAMETER 


GROUP A 
SUBGROUPS 


SYMBOL 


Conversion 
Time 


VIN =-1V Max 
Output Code = 
000000000000 
8 Bit Cycle (Note 5) 


tc 


10 
10 
1 


— dic 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 
Devices Characterized at Vcc = +15V, Veg = -15V, VLOG = 5.0V Unless Otherwise Specified. Load is 3kQ, SOpF where applicable. 


Figures 3, 4, 5, & 6 apply Unless Otherwise Noted. 
HI-574AS/883 
HI-574AT/883 


PARAMETER SYMBOL CONDITIONS NOTES TEMP 
_ $$$ ee  OCOETETETETETEeEeEeeeeTTFTFFT—N—=KQQ TOD 


STS Delay From R/C tps 


Vin = 11V Max 
Output Code = 
414191411111111 

12 Bit Cycle (Note 5) 


Low to High Transition 
Referenced to High to 
Low R/C Transition. 
Output Code = 
000000000000 


+1250C, -559C 


Minimum R/C Pulse Width 
Required to Start a 
Conversion 


Low R/C Pulse Width 1, 10 +250C 5 


+125°C, -55°C 350 


Data Valid After 
R/C Low 


Output Data Valid, 
Referenced to High to 
Low R/C Transition 
Output Code = 
000000000000 & 
VASAT 


12,10 +25°C 2 


on 


=: 


+125°C, -550C 15 


STS Delay After 
Data Valid 


STS High to Low 
Transition Referenced 
to Valid Output Data 
Output Code = 
000000000000 & 
VATA T9114 


t, 2, 19 +259C 300 1200 


Minimum R/C Pulse Width 
Required to Enable 
Output Bits 

Output Code = 
000000000000 & 
111711111111 


High R/C 
Pulse Width 


4, 2, 16 +25°C 150 


+1259C, -55°C 300 


Data Access Time Output Data Valid, 7; 2,10 +25°C 150 
Referenced to Low to 
High R/C Transition 
Output Code = +1259C, -55°C 
000000000000 & 
1414111111111 


STS Delay From CE Low to High Transition, +25°C 
Referenced to Low to 
High CE Transition 
Output Code = 


000000000000 


+1259C, -559C 350 


wah 
XN 
ok 
oO 
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HI-574A/883 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


Devices Characterized at Vcc = +15V, VEE = -15V, VLOG = 5.0V Unless Otherwise Specified. Load is 3kN, 50pF where applicable. 
Figures 3, 4, 5, & 6 apply Unless Otherwise Noted. 


HI-574AS/883 


HI-574AT/883 


PARAMETER SYMBOL CONDITIONS NOTES TEMP | MIN: } MAX | UNITS 


Minimum CE Pulse Width 
Required to Start a 
Conversion 


1, 10 +259C 


: i} bie 


: | Ee 
: ii nine 


CE Pulse Width 


a 


Minimum Time Required 
From a High to Low cs 
Transition to Low to 
High CE Transition for 
a Conversion to Start 
from CE 


Minimum Time Required 
From a Low to High CE 
Transition to Low to 
High CS Transition for 
a Conversion to Start 


Minimum Time Required 
From a High to Low R/C 
Transition to Low to 
High CE Transition for 


tHSC 
a Conversion to Start 


R/C To tsRC 
CE Set-Up 
from CE. 
R/C Low tHRC Minimum Time Required 
During CE From a Low to High CE 
High Transition to Low to 
High R/C Transition for 
a Conversion to Start 


z 
) 
” 
a 
Wy 
Ag To tsAC Minimum Time Required 1,-10 +259C S =) 
CE Set-Up From a Low to High or Oo 8 
High to Low Ag Ce 
Transition to Low to < ae 
High CE Transition to x 
Initiate an 8-bit or 
12-bit Conversion, 
Respectively. 


Ao Valid Minimum Time Required 
During CE From a Low to High CE 
High Transition to Low to 


High or High to Low 
to Low Ag Transition 
to Guarantee a 12-bit 
or 8-bit Conversion, 

Respectively. 


: Lik 


ha Bink 
: ° . ak be Re 


aa MBi< 


Output Data Valid, 
Referenced to Low to 
High CE Transition 
Output Code = 
000000000000 & 
111111111111 


tHD Output Data Valid, 
Referenced to High to 
Low CE Transition 
Output Code = 
000000000000 & 
411111111711 


Access Time 
From CE 


Data Valid 
After CE 
Low 
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H!I-574A/883 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


Devices Characterized at Voc = +15V, Ver = -15V, VLOG = 5.0V Unless Otherwise Specified. Load is 3k, 50pF where applicable. 
Figures 3, 4, 5, & 6 apply Unless Otherwise Noted. 


HI-574AS/883 
HI-574AT/883 


tHe Output Delay to HI-Z, iret ab, 
Referenced to High to 
Low CE Transition 
Output Code = 


PARAMETER SYMBOL CONDITIONS NOTES 
000000000000 & 
1914919911111 


CS To tsspr Minimum Time from 

CE Setup CS High to Low 
Transition to CE Low 
to High Transition to 
Guarantee Data Valid 
is Controlled by CE. 
Output Code = 
000000000000 & 
111111111111 

R/C to tsRR Minimum Time from R/C 

CE Set-Up Low to High Transition 
To CE Low to High 
Transition to Guarantee 
Data Valid is 
Controlled by CE. 
Output Code = 000000000000 & 
1494411111111 


Ao To tsaR Minimum Time From Ag 
CE Set-Up High to Low or Low to 
High Transition to CE 
Low to High Transition 
to guarantee the correct 
byte gets enabled. 


Minimum Time from CE 
High to Low Transition 
to CS Low to High 
Transition to Guarantee 
High Impedance State is 
Controlled by CE. 


CS Valid 
After CE 
Low 


R/C High 
After CE 
Low 


Minimum Time from CE 
High to Low Transition 
to R/C High to Low 
Transition to Guarantee 
Device Will Disable 
Before Another 
Conversion is Initiated. 


Ag Valid 
After CE 
Low 


Minimum Time From CE 
High to Low Transition 
to Ag High to Low 

or Low to High Transition 
to Guarantee Enabled 
Byte Does Not Change 
Until Device Is Disabled 
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HI-574A/883 


TABLE 4. ELECTRICAL TEST REQUIREMENTS 


MIL-STD-883 TEST REQUIREMENTS SUBGROUPS (SEE TABLES 1 & 2) 


Groups C & D Endpoints 


*PDA applies to Subgroup 1 only. No other subgroups are included in PDA. 


NOTES: 


ie 
2 


10. 


11. 


See definitions. 

A output code of 0000 0000 0000 is guaranteed by an input voltage Vij = -1V and an output code of 111111111111 is guaranteed by an input 
voltage Viyy = 11V. 

Pg = (Voc * Ico * VEE * 'EE * VLoGic * '!LoGic) Power dissipation shall be calculated using the two output code conditions 
0000 0000 0000 and 1111 1111 1111. 

The reference voltage external load current shall be constant direct current and shall not exceed 2mA. 

X represents the transition point between two adjacent code-words 

(ie: 0000 0000 000X represents the transition between code-words 0000 0000 0000 and 0000 0000 0001, 

XXXX XXXX XXXX represents the transition between code-words 

0111 1111 1111 and 1000 0000 0000 and 

1111 1111 111X represents the transition between code-words 

11411 1111 1110 and 1111 1111 1111). 


> Implies a falling edge transition from 2.4V to 0.8V, after remaining input pins are set. 


vf Implies a falling edge transition from 2.4V to 0.8V, after remaining input pins are set, then, after a minimum of 200ns, a rising edge 
transition to 2.4V. 


s implies a rising edge transition from 0.8V to 2.4V after remaining input pins are set. 


R/C x2 Implies a falling edge from 2.4V to a TTL Low, approximately 0.0V. 


The parameters listed in this table are controlled via design or process parameters and are not directly tested. These parameters 
are characterized upon initial design release and upon design changes which would affect these characteristics. 
A conversion must be performed at the inputted voltage prior to Rj10V and Rj20V measurements. 
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HI-574A/883 


Test Circuit and Test Conditions 


A/D SERVO LOOP 


TRIGGER 
CKT 


COUNTER 


STATUS 


vil 
FORCE 


DB11, MSB v/l 


FORCE 


DIGITAL 


DB10 
DRIVERS 


DIGITAL 
BBQ DRIVERS 
MEASURE- 
Base 0B8 MEASURE- 
MENT 


+15V Voc DB6 22 


-15V VEE DB5 21 


REF. IN DB4 20 


REF. OUT DB3 


BIPOLAR IN DB2 18 


10V SPAN INPUT DB1 


20V SPAN INPUT DBO.LSB 16 


ANA. COM. DIG.COM. 15 


SLR 


AID 100K 
SERVO LOOP 


NOTES: 
1. The connections of the V/I force, digital drivers, and measurement 
system are software controlled. 


2. DC1 ~ DC12 are input bits of the digital comparator in the A/D servo 
loop. 


3. SLR ==> super linear reference. 


FIGURE 1. TEST CIRCUIT 


6-56 


HI-574A/883 


Test Circuit and Test Conditions (Continued) 


SET SLR TO CALCULATED VALUE V 


CALCULATE APPROXIMATE VALUE OF 
TRANSITION N, V = VALUE 


SET DIGITAL COMPARATOR TON. 
SET EFFECTIVE DITHER RAMP RATE TO 20uV/us 
ENABLE ADC SERVO LOOP LOGIC 


RESET AND START TIMER 


PERFORM A CONVERSION. 
IS ADC OUTPUT>=N 
? 


RAMP 
DITHER 
uP 


MORE THAN 2.6ms SINCE LAST TIME 
ADC OUTPUT =N 
? 


IS ELAPSED TIME >3ms 
? 


IS EFFECTIVE DITHER 
RAMP RATE = 20uV/us ? 
? 


SET EFFECTIVE DITHER 
RAMP RATE = 2uV/us 
MEASURE AT 


“MEASURE HI” = 
TRANSITION N VOLTAGE 


GENERATE 
MISSING CODE 
ALARM 


NO 


NOTES: 


1. SLR = Super Linear Reference. 


2. See Figure 1 for Test Circuit. 


FIGURE 2. TEST FLOW FOR ANALOG TO DIGITAL SERVO LOOP 
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Switching Waveform Information 
Conversion Length 


A Convert Start transition (see Chart B) latches the 
state of Ag, which determines whether the conversion 
continues for 12-bits (Ag low) or stops with 8-bits (Ag 
high). If all 12-bits are read following an 8-bit conver- 
sion, the three LSBs will read zero and DBS will read 
ONE. Ag is latched because it is also involved in ena- 
bling the output buffers (see “Reading the Output 
Data”). No other control inputs are latched. 


CHART B. TRUTH TABLE FOR HI-574A/883 
CONTROL INPUTS 


fce |es| wei] a | OPERATION 
acon eee le Os os 2 


None 
None 
Initiate 12-bit conversion 
Initiate 8-bit conversion 
Initiate 12-bit conversion 
Initiate 8-bit conversion 
Initiate 12-bit conversion 
Initiate 8-bit conversion 
Enable 12-bit Output 
Enable 8 MSB’s Only 
Enable 4 LSB’s Plus 4 
Trailing Zeroes 


x< 


CoO KK KK KK OK 
-o «Kx -o-oO0O-+- 0 XK 


Conversion Start 


A conversion may be initiated as shown in Chart B by a 
logic transition on any of three inputs: CE, CS orR/C. The 
last of the three to reach the correct state starts the 
conversion, so one, two or all three may be dynamically 
controlled. The nominal delay from each is the same, and 
if necessary, all three may change state simultaneously. 
See the Timing Specifications, Convert mode. 


The variety of control modes allows a simple interface in 
most system applications. The Convert Start timing rela- 
tionships are illustrated in Figure 5. 


The output signal STS indicates status of the converter by 
going high only while a conversion is in progress. While 
STS is high, the output buffers remain in a high impe- 
dance state and data cannot be read. Also, an additional 
Start Convert will not reset the converter or reinitiate a 


conversion while STS is high. (However, if Ag changes 
state after a conversion begins, an additional Start 
Convert signal will latch the new state of Ag, possibly 
causing a wrong cycle length (8 vs. 12-bits) for that 
conversion). 


Reading the Output Data 


The output data buffers remain in a high impedance state 
until four conditions are met: R/C high, STS low, CE high 
and CS low. At that time, data lines become active accord- 
ing to the state of inputs 12/8 and Ag. Timing constraints 
are illustated in Clgure 6. 


The 12/8 input will be tied high or low in most applica- 
tions, though it is fully TTL/CMOS compatible. With 12/8 
high, all 12 output lines become active simultaneously, for 
interface to a 12 or 16-bit data bus. The Ag input is 
ignored. 


With 12/8 low, the output is organized in two 8 bit bytes, 
selected one at a time by Apo. This allows an 8 bit data bus 
to be connected as shown in Figure 10. Ag is usually tied 
to the least significant bit of the address bus, for storing 
the output data in two consecutive memory locations. 
(With Ag low, the 8 MSBs only are enabled. With Ag high, 4 
MSBs are disabled, bits 4 through 7 are forced to zero, and 
the 4 LSBs are enabled). This two byte format is consid- 
ered “left justified data”, for which a decimal (or binary!) 
point is assumed to the left of byte 1: 


BYTE 1 BYTE 2 
KiKi KKM XK Xx X X X 0.0 0:0 
MSB LSB 


Further, Ag may be toggled at any time without damage to 
the converter. Break-before-make action is guaranteed 
between the two data bytes, which assures that the out- 
puts strapped together in Figure 10 will never be enabled 
at the same time. 


A read operation usually begins after the conversion is 
complete and STS is low. For earliest access to the data 
however, the read should begin no later than (tpp + tHs) 
before STS goes low. See Figure 6. 


STAND-ALONE MODE TIMING (OVER FULL TEMP. RANGE) 


PARAMETER 


SYMBOL 


Low R/C Pulse Width 

STS Delay from R/C 

Data Valid After R/C Low 
STS Delay After Data Valid 
High R/C Pulse Width 
Data Access Time 
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Switching Waveforms 


tHRL 


STS 


tHDR 


DB11-DB0 DATA VALID DATA VALID 


FIGURE 3. LOW PULSE R/C-OUTPUTS ENABLED AFTER CONVERSION 


HIGH-Z HIGH-Z 
DB11-DB0 ride 


FIGURE 4. HIGH PULSE FOR R/C-OUTPUTS ENABLED WHILE R/C HIGH, OTHERWISE HIGH-Z 


CE 


tHEC 
t$sc 


cs bef 
PTF aase 
tSRC 


tHRC 

M Riga 
tSAC 

tHAC 

STS 
t 
tDSC c 
DB11-DB0 HIGH IMPEDANCE 


FIGURE 5. CONVERT START TIMING 


CE 
tHSR 
cs 
® 
R/C 
Aa € Se ee 
tHAR 
STS 
t 
tHS pe! HD 
ieia-pad HIGH IMPEDANCE DATA 
VALID 


‘DD tHL = 


FIGURE 6. READ CYCLE TIMING 
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Burn-In Circuits 


+5V 


NOTES: 
R1 thru R13 = 10kN 


HI-574A/883 


28 PIN SIDEBRAZED DIP 


es DATA MODE 


BYTE ADD/SHORT 


C2 


o 
9 


ANALOG GND pB4 

= = REF IN DB3 
-15V DB2 

c3 BIPOLAR OFF pB1 
an 13] tov SPAN DBO 

= nc— 4 20V SPAN DIGITAL GND 


C1 thru C3 = 0.01pF minimum (per socket) or 0.1 pF (per row) 


D1 thru D3 = IN4002 
Vin = Triangle waveform, +5V to -5V, 1kHz 


fo = Square waveform, 10kHz, 90% Duty Cycle, OV to 5V 


7 
+15.0V 
D2 
-15.0V ¥: 
D3 


NOTES: 
R1 thru R13 = 10kN 


+5V STS 


SELECT 12/8 DBI1 
CHIP SELECT CS DB10 


CYCLE Ag 069 
READ/CONVERT R/C DBB 
CHIP ENABLE CE DB7 
+15V DBE 


+10V REF OUT DB5 


R13 


id 
o 


44 PIN CERAMIC LEADLESS CHIP CARRIER 


+5.0V 9 


PEM SANZ Hy HAgg 
Ljb jet tt ry oe | 
_.2 2838 ast) & 
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=5 Pea<tyuS -& 
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nt H5VSUPPLY.Vec | OF 
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12 '+10V REF OUT 
ae a ANALOG 
may 13} COMMON, AC 
= ja 1 REFERENCE INPUT, 
aay ~ J REF IN + 
15} -15V SUPPLY, VEE a 
C3 =a 10V SPAN oS 
16 ,.NC 20vSPAN = ° 10 
77 ' BIPOLAR NC ° r) ee 
17 4 OFFSET V2 a oe SZ 
oo oOo = .0 8 8 a2 
22S es OR. BS a 
raf ICI ae ae ae ae a 


618 4,19 682005 270822002301 


C1 thru C3 = 0.01pF minimum (per socket) or 0.1 :F (per row) 


D1 thru D3 = IN4002 
Vin = Triangle waveform, +5V to -5V, 1kHz 


VINO = 


fo = Square waveform, 10kHz, 90% Duty Cycle, OV to 5V 
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Die Characteristics 


DIE DIMENSIONS: TRANSISTOR COUNT ANALOG DIE: 317 
ANALOG DIE: 204 x 104 mils DIGITAL DIE: 800 
DIGITAL DIE: 158 x 84 mils ; 

PROCESS: ANALOG DIE: Bipolar-DI 

METALLIZATION: DIGITAL DIE: CMOS-4JI 


ANALOG DIE: Type: Al 
Thickness: 16kA + 2kA 
DIGITAL DIE: Type: SiAI 


DIE ATTACH: Material: Gold/Silicon Eutectic Alloy 
Temperature: 420°C Max 


Thickness: 16kA + 2kA GLASSIVATION: 
ANALOG DIE: Type: Silox 
WORST CASE CURRENT DENSITY: Thinkhaee:: (aed Oud 
ANALOG DIE: 1.63 x 105 A/cm2 DIGITAL DIE: Type: Silox 
DIGITAL DIE: 1.93 x 105 A/cm2 Shicinsce SEA Ek 
Metallization Mask Layout 
HI-574A/883 ANALOG DIE H!I-574A/883 DIGITAL DIE 


Ag cs 


R/C 
CE 


DB11 


(MSB) 0810 
Vv 5 ; t =i 
cc 7 Pte, a 
| ae a 
VREFOUT SS — s\i= 
—_ ss == 4 a | a! 
pe 
; = ae 1, ja - 
=| 1 DAC BIT 9 
ANALOG 
COMMON ae 
DAC BIT 8 ae ee 
i mires ee! - 
=n 1 
. ~— |" 
DAC BIT? ioe 
Ipac OUT DAC BIT 6 
t 
| 
Eke 
| 
VREF IN DAC BIT 5 
| 
! 


DAC BIT4 —___ 
DAC BIT 3 —— => 


a8 pe 
a DIGITAL DBO 
s COMMON (LSB) 
BIPOLAR 10V.—_20V 


OFFSET INPUT INPUT 
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| Packagin gt 


28 PIN SIDEBRAZED DIP 


.225 | 005 M 1.415 -080 603 
MAX IT mare | f .110 | | 


= 008 
< .015 
150 joo -040 | £125 598 
MIN .040 j%;BSC’ .060 .180 .612 
oe a 
LEAD MATERIAL: Type B INTERNAL LEAD WIRE: 
LEAD FINISH: Type C Material: Aluminum 
PACKAGE MATERIAL: Multilayer Ceramic, 90% Alumina Diameter: 1.25 Mil 
PACKAGE SEAL: Bonding Method: Ultrasonic 
Material: Gold/Tin (80/20) COMPLIANT OUTLINE: 38510 D-10 


Temperature: 320°0C + 109°C 
Method: Furnace Seal 


44 PAD CERAMIC LCC 


DATA CONVERSION 
PRODUCTS 


PAD MATERIAL: Type C INTERNAL LEAD WIRE: 

PAD FINISH: Type A Material: Aluminum 

FINISH DIMENSION: Type A Diameter: 1.25 Mil 

PACKAGE MATERIAL: Multilayer Ceramic, 90% Alumina Bonding Method: Ultrasonic 
PACKAGE SEAL: 2 COMPLIANT OUTLINE: 38510 C-5 


Material: Gold/Tin (80/20) 
Temperature: 320°C + 10°C 
Method: Furnace Braze 


in + Mil-M-38510 Compliant Materials, Finishes, and Dimensions. 


NOTE: All Dimensions are a , Dimensions are in inches. 
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Definitions of Specifications 


Linearity Error 


Linearity error refers to the deviation of each individual 
code from a line drawn from “zero” through “full scale”. 
The point used as “zero” occurs LSB (1.22mvV for 10 volt 
span) before the first code transition (all zeros to only the 
LSB “on’”). “Full scale” is defined as a level 1’%LSB beyond 
the last code transition (to all ones). The deviation of a 
code from the true straight line is measured from the 
middle of each particular code. 


The HI-574AT grade is guaranteed for maximum 
nonlinearity of +“%LSB. This means that an analog value 
which falls exactly in the center of a given code width will 
result in the correct digital output code. Values nearer the 
upper or lower transition of the code width may produce 
the next upper or lower digital output code. The HI-574AS 
grade is guaranteed to +1LSB max error. An analog value 
which falls within a given code width will result in either 
the correct code for that region or either adjacent one. 


Note that the linearity error is not user-adjustable. 
Differential Linearity Error (No Missing Codes) 


A specification which guarantees no missing codes 
requires that every combination appear in a monotonic 
increasing sequence as the analog input level is 
increased. Thus every code must have a finite width. The 
HI-574AT grade, guarantees no missing codes to 12-bit 
resolution, all 4096 codes must be present over the entire 
Operating temperature ranges. The HI-574AS grade 
guarantees no missing codes to 11-bit resolution over 
temperature; this means that all code combinations of the 
upper 11-bits must be present; in practice very few of the 
12-bit codes are missing. 


Unipolar Offset 


The first transition should occur at a level %LSB above 
analog common. Unipolar offset is defined as the 
deviation of the actual transition from that point. This 
offset can be adjusted as discussed on the following 
pages. The unipolar offset temperature coefficient 
specifies the maximum change of the transition point over 
temperature, with or without external adjustment. 


Bipolar Offset 


Similarly, in the bipolar mode, the major carry transition 
(0111 1111 1111 to 1000 0000 0000) should occur far an 
analog value ‘’2LSB below analog common. The bipolar 
offset error and temperature coefficient specify the initial 
deviation and maximum change in the error over 
temperature. 


The information contained in this section has been developed through characterization by Harris Semiconductor and is 
for use as application and design data only. No guarantee is implied. 


HI-S74A 


Fast, Complete 12-Bit A/D Converter 
With Microprocessor Interface 


Full Scale Calibration Error 


The last transition (from 1111 1111 1110 to 1111 1111 
1111) should occur for an analog value 1/2LSB below the 
nominal full scale (9.9963 volts for 10.000 volts full scale). 
The full scale calibration error is the deviation of the 
actual level at the last transition from the ideal level. This 
error, which is typically 0.05 to 0.1% of full scale, can be 
trimmed out as shown in Figures 7 and 8. The full scale 
calibration error over temperature is given with and 
without the initial error trimmed out. The temperature 
coefficients for each grade indicate the maximum change 
in the full scale gain from the initial value using the 
internal 10 volt reference. 


Temperature Coefficients 


The temperature coefficients for full-scale calibration, 
unipolar offset, and bipolar offset specify the maximum 
change from the initial (25°C) value to the value at Tmin or 
Tmax: 


Power Supply Rejection 


The standard specifications for the HI-574A assume use 
of +5.00 and +15.00 or +12.00 volt supplies. The only 
effect of power supply error on the performance of the 
device will be a small change in the full scale calibration. 
This will result in a linear change in all lower order codes. 
The specifications show the maximum change _ in 
calibration from the initial value with the supplies at the 
various limits. 


Code Width 


A fundamental quantity for A/D converter specifications 
is the code width. This is defined as the range of analog 
input values for which a given digital output code will 
occur. The nominal value of a code width is equivalent to 
1 Least Significant Bit (LSB) of the full scale range or 
2.44mV out of 10 volts for a 12-bit ADC. 


Quantization Uncertainty 


Analog-to-digital converters exhibit an inherent quantiza- 
tion uncertainty of +¥%LSB. This uncertainty is a 
fundamental characteristic of the quantization process 
and cannot be reduced for a converter of given resolution. 


Left-Justified Data 


The data format used in the HI-574A is left-justified. This 
means that the data represents the analog input as a frac- 
tion of full-scale, ranging from 0 to 49% . This implies a 
binary point to the left of the MSB. “°° 
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Applying the HI-574A* 


For each application of this converter, the ground con- 
nections, power supply bypassing, analog signal source, 
digital timing and signal routing on the circuit board must 
be optimized to assure maximum performance. These 
areas are reviewed in the following sections, along with 
basic operating modes and calibration requirements. 


PHYSICAL MOUNTING AND LAYOUT 
CONSIDERATIONS 


Layout 


Unwanted, parasitic circuit components, (L, R, and C) can 
make 12-bit accuracy impossible, even with a perfect A/D 
converter. The best policy is to eliminate or minimize 
these parasitics through proper circuit layout, rather than 
try to quantify their effects. 


The recommended construction is a double-sided printed 
circuit board with a ground plane on the component side. 
Other techniques, such as wire-wrapping or point-to- 
point wiring on vectorboard, will have an unpredictable 
effect on accuracy. 


In general, sensitive analog signals should be routed bet- 
ween ground traces and kept well away from digital lines. 
If analog and digital lines must cross, they should do soat 
right angles. 


Power Supplies 


Supply voltages to the HI-574A (+15V, -15V and +5V) must 
be “quiet” and well regulated. Voltage spikes on these 
lines can affect the converter’s accuracy, Causing several 
LSB’s to flicker when a constant input is applied. Digital 
noise and spikes from a switching power supply are espe- 
cially troublesome. If switching supplies must be used, 
outputs should be carefully filtered to assure “quiet” DC 
voltage at the converter terminals. 


Further, a bypass capacitor pair on each supply voltage 
terminal is necessary to counter the effect of variations in 
supply current. Connect one pair from pin 1 to 15 
(VLOGIC supply), one from pin 7 to 9 (Vcc to Analog 
Common) and one from pin 11 to 9 (VEE to Analog Com- 
mon). For each capacitor pair, a 10uF tantalum type in 
parallel with a 0.1uF ceramic type is recommended. 


Ground Connections 


The typical HI-574A ground currents are 5.5mADC into 
pin 9 (Analog Common) and 7mADC out of pin 15 (Digital 
Common). These pins should be tied together at the 
package to guarantee specified performance for the 
converter. In addition, a wide PC trace should run directly 
from pin 9 to (usually) 15V common, and from pin 15 to 
(usually) the +5V Logic Common. If the converter is 
located some distance from the system’s “single point” 


*Pin numbers correspond to DIP package only. 


ground, make only these connections to pins 9 and 15: Tie 
them together at the package, and back to the system 
ground with a single path. This path should have low 
resistance since it will carry about 1.5mA of DC current. 
(Code dependent currents flow in the Voc, VEE and 
VLoaic terminals, but not through the HI-574A’s Analog 
Common or Digital Common). 


ANALOG SIGNAL SOURCE 


The device driving the HI-574A analog input will see a 
nominal load of 5k (10V range) or 10k (20V range). 
However, the other end of these input resistors may 
change as much as +400mV with each bit decision, 
creating abrupt changes in current at the analog input. 
Thus, the signal source must maintain its output voltage 
while furnishing these step changes in load current, 
which occur at 1.6us intervals. This requires low output 
impedance and fast settling by the signal source. 


The output impedance of an op amp, for example, has an 
open loop value which, in a closed loop, is divided by the 
loop gain available at a frequency of interest. The ampli- 
fier should have acceptable loop gain at 600kHz for use 
with the HI-574A. To check whether the output properties 
of a signal source are suitable, monitor the 574A’s input 
(pin 13 or 14) with an oscilloscope while a conversion is in 
progress. Each of the twelve disturbances should subside 
in One microsecond or less. (The comparator decision is 
made about 1.5us after each code change from the SAR). 


If the application calls for a Sample/Hold to precede the 
converter, it should be noted that not all Sample/Holds 
are compatible with the HI-574A in the manner described 
above. These will require an additional wideband buffer 
amplifier to lower their output impedance. A simpler 
solution is to use the Harris HA-5320 Sample/Hold, which 
was designed for use with the HI-574A. 


RANGE CONNECTIONS AND CALIBRATION 
PROCEDURES 


The HI-574A is a “complete” A/D converter, meaning it is 
fully operational with addition of the power supply 
voltages, a Start Convert signal, and a few external 
components as shown in figures 7 and 8. Nothing more is 
required for most applications. 


Whether controlled by a processor or operating in the 
stand-alone mode, the HI-574A offers four standard input 
ranges: OV to +10V, OV to +20V, +5V and +10V. The 
maximum errors for gain and offset are listed under 
Specifications. If required, however, these errors may be 
adjusted to zero as explained below. Power supply and 
ground connections have been discussed in an earlier 
section. 
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Unipolar Connections and Calibration 


Refer to figure 7. The resistors shown’ are for calibration 
of offset and gain. If this is not required, replace R2 witha 
500, 1% metal film resistor and remove the network on pin 
12. Connect pin 12 to pin 9. Then, connect the analog sig- 
nal to pin 13 for the OV to 10V range, or to pin 14 for the OV 
to 20V range. Inputs to +20V (5V over the power supply) 
are no problem — the converter operates normally. 


Calibration consists of adjusting the converters’s most 
negative output to its ideal value (offset adjustment), then, 
adjusting the most positive output to its ideal value (gain 
adjustment). To understand the procedure, note that in 
principle, one is setting the output with respect to the mid- 
point of an increment of analog input, as denoted by two 
adjacent code changes. Nominal value of an increment is 
one LSB. However, this approach is impractical because 
nothing “happens” at a midpoint to indicate that an ad- 
justment is complete. Therefore, calibration is performed 
in terms of the observable code changes instead of the 
midpoint between code changes. 


For example, midpoint of the first LSB increment should 
be positioned at the origin, with an output code of all 0’s. 
To do this, apply an input of +%LSB (+1.22mV for the 10V 
range; +2.44mV for the 20V range). Adjust the Offset 
potentiometer R1 until the first code transition flickers 
between 0000 0000 0000 and 0000 0000 0001. 


Next, perform a Gain Adjust at positive full scale. Again, 
the ideal input corresponding to the last code change is 
applied. This is 1%LSB’s below the nominal full scale 


(+9.9963V for 10V range; +19.9927V for 20V range). Adjust 
the Gain potentiometer R2 for flicker between codes 
11117. 1111 1110 and 1111 1111 1111. 


Bipolar Connections and Calibration 


Refer to Figure 8. The gain and offset errors listed under 
Specifications may be adjusted to zero using poten- 
tiometers R1 and R2*. If this isn’t required, either or 
both pots may be replaced by a 50, 1% metal film 
resistor. 


Connect the Analog signal to pin 13 for a +5V range, or to 
pin 14 for a +10V range. Calibration of offset and gain is 
similar to that for the unipolar ranges as discussed above. 
First apply a DC input voltage %2LSB above negative full 
scale (i.e., -4.9988V for the +5V range, or -9.9976V for the 
+10V range). Adjust the offset potentiometer R1 for 
flicker between output codes 0000 0000 0000 and 0000 
0000 0001. Next, apply a DC input voltage 1%LSB’s below 
positive full scale (+4.9963V for +5V range; +9.9927V for 
+10V range). Adjust the Gain potentiometer R2 for flicker 
between codes 1111 1111 1110 and 1111 11111111. 


*The 1002 potentiometer R2 provides Gain Adjust for the 
10V and 20V ranges. In some applications, a full scale of 
10.24V (LSB equals 2.5mV) or 20.48V (LSB equals 5.0mV) 
is more convenient. For these, replace R2 by a 50, 1% 
metal film resistor. Then, to provide Gain Adjust for the 
10.24V range, add a 2002 potentiometer in series with pin 
13. For the 20.48V range, add a 5002 potentiometer in 
series with pin 14. 


Pin Numbers Refer To Sidebraze DIP Package. 
HI-574A/883 


STS 28 
HIGH BITS 
24-27 
MIDDLE BITS 
20-23 


LOW BITS 
16-19 


REF IN 


REF OUT 


BIP OFF +5V 1 


10ViIN +15V 7 


20ViIN -15V 11 


ANACOM ODIGCOM 15 


FIGURE 7. UNIPOLAR CONNECTIONS 


HI-574A/883 


STS 28 


HIGH BITS 
24-27 


MIDDLE BITS 
20-23 


LOW BITS 
16-19 


REF IN 
REF OUT 


BIP OFF 


+5V 1 


10ViN +15V. 7 


ANALOG 
INPUTS G 


20ViN -15V 11 


ANACOM  ODIGCOM 15 


FIGURE 8. BIPOLAR INPUT CONNECTIONS 
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Controlling the HI-574A 


The HI-574A includes logic for direct interface to most 
microprocessor systems. The processor may take full 
control of each conversion, or the converter may operate 
in the “stand-alone” mode, controlled only by the R/C 
input. Full control consists of selecting an 8 or 12-bit 
conversion cycle, initiating the conversion, and reading the 


INPUT 
BUFFERS 


=> 


Be 
55 | 
oi 
ae 


output data when ready—choosing either 12-bits at once 
or 8 followed by 4, in a left-justified format. The five con- 
trol inputs are all TTL/CMOS- compatible: (12/8, CS, Ag, 
R/C and CE). Chart B illustrates the use of these inputs in 
controlling the converter’s operations. Also, a simplified 
diagram of the internal control logic is shown in Figure 9. 


NIBBLE B ZERO 


OVERRIDE 
NIBBLE A, B 
NIBBLE C 
STATUS 
are CURRENT STROBE 
- ° CONTROLLED 
OSCILLATOR CLOCK 


POWER UP 
RESET a ine , aoe 


le FIGURE 9. HI-574A CONTROL LOGIC 
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H!I-574A Timing Specifications +250C Unless Otherwise Specified 


SYMBOL PARAMETER 


CONVERT MODE 


STS Delay from CE 

CE Pulse Width 

CS to CE Setup 

CS Low During CE High 

R/C to CE Setup 

R/C Low During CE High 

Ag to CE Setup 

Ag Valid During CE High 

Conversion Time, 12-bit Cycle Tmin to Tmax 
8-bit Cycle Tmin to Tmax 


Access Time from CE 
Data Valid after CE low 
Output Float Delay 

CS to CE Setup 

R/C to CE Setup 

Ag to CE Setup 

CS Valid after CE Low 
R/C High after CE Low 

Ao Valid after CE Low 
STS Delay after Data Valid 


NOTE: Time is measured from 50% level of digital transitions, tested with a 5OpF and 3k2 load. All possible 
combinations for setup times not listed, see Figure 9. 


ADDRESS BUS 


STS 
12/8 DB11(MSB) 


DBO(LSB) 
DIG. COM. 


Pin Numbers Refer To Sidebraze DIP Package. 


FIGURE 10. INTERFACE TO AN 8-BiIT DATA BUS 
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Ga? HARRIS 


HI-6 74A/883 


Fast, Complete 12-Bit A/D Converter 


September 1988 


Features 


¢ This Circuit is Processed in Accordance to Mil-Std- 
883 and is Fully Conformant Under the Provisions of 
Paragraph 1.2.1. 


¢ Complete 12-Bit A/D Converter with Reference and 
Clock 

© Full 89-, 12-, or 16-Bit Microprocessor Bus Interface 

e 250ns Bus Access Time (Max. Over Temp.) 

* No Missing Codes Over Temperature 

¢ Minimal Setup Time For Control Signals 

¢ 151s Maximum Conversion Time 


e Low Noise, Via Current Mode Signal Transmission 
Between Chips 
¢ Byte Enable/Short Cycle (Ag Input) 


>» Guarantees Break-Before-Make Action, Eliminat- 
ing Bus Contention During Read Operation. 
Latched by the Start Convert Input (To Set the 
Conversion Length) 


e Faster Version of HI-574A 
¢ Same Pinout as HI-574A 
e +12V to +15V Operation 


Applications 


¢ Military and Industrial Data Acquisition Systems 
e Electronic Test And Scientific Instrumentation 
¢ Process Control Systems 


With Microprocessor Interface 


Description 


The HI-674A/883 is a complete 12-bit Analog-to-Digital 
Converter, including a +10V reference, clock, three-state 
outputs and a digital interface for microprocessor control. 
Successive approximation conversion is performed by two 
monolithic dice housed in a single package. The bipolar 
analog die features the Harris Dielectric Isolation process, 
which provides enhanced AC performance and freedom 
from latch-up. 


Custom design of each IC (bipolar analog and CMOS 
digital) has yielded improved performance over existing 
versions of this converter. The voltage comparator features 
high PSRR plus a high speed current-mode latch, and 
provides precise decisions down to 0.1 LSB of input over- 
drive. More than 2X reduction in noise has been achieved 
by using current instead of voltage for transmission of all 
signals between the analog and digital ICs. Also, the clock 
oscillator is current-controlled for excellent stability over 
temperature. The oscillator is trimmed for a nomimal 
conversion time of 12 +1us. 


The HI-674A/883 offers standard unipolar and bipolar 
input ranges, laser trimmed for specified linearity, gain and 
offset accuracy. The buried zener reference circuit is 
trimmed for minimum temperature coefficient. 


Power requirements are +5V and +12V to +15V, with 
typical dissipation of 385mW at +12V. Two electrical 
grades are offered over the -55°C to +125°C temperature 
range. Both models are available in a 28 pin Sidebrazed 
DIP, or a 44 pad Ceramic LCC package. 


rrr 
P 


Inouts 


HI1-674A/883 (SIDEBRAZED DIP) 
TOP VIEW 


oy vPro Ts STATUS, STS 
DATA MODE SEL 128 | 2] DB11, MSB 
CHIP SEL, CS [3] 26] DB10 
BYTE ADDR/SHORT 25] DBe 
DIGITAL 


CHIP ENABLE, CE | 6| 
+ 15V SUPPLY, Voc 


DATA 


+ 10V REF, REF OUT 8 | 


OUTPUTS 
REF INPUT, REF IN 10) 


~15V SUPPLY, VEE [fq 


HI4-674A/883 (CERAMIC LCC) 
TOP VIEW 


SHORT CYCLE, Ag 


BYTE ADDRESS/ 


NC [7 

ne [8 

READ CONVERT, R/C} 
CHIP ENABLE, CE [ic 

+ 15V SUPPLY, Voc 


ANALOG COMMON, AC 


REFERENCE INPUT, [53 
REF IN }- 


-15V SUPPLY, Veg [15 


‘J 


LS) 


DIG COMMON, 
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Functional Diagram 


OUTPUT BITS 


MSB LSB 
© ® O WY -O © O O OQ O O OC 
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RaCkS EAS ae I ES a ES HS 


12/48 O-% NIBBLE* A NIBBLE* B NIBBLE* C 
& o-3 ~ 
NT 
XO oi a eee THREE-STATE BUFFERS AND CONTROL 
cE O ! 
POWER-UP RESET is > VLosic 
O DIGITAL 
COMMON 
SUCCESSIVE APPROXIMATION REGISTER 28 
QO STS 


(SAR) 


Sac i Saree: A 


ANALOG CHIP te © vie 
aie 
10 
Vag IN © 
: 10K 


VREF OUT CO 


z 
° 

Bes 

eo G5 

1s 34 22 

9 12 14 13 ° o 

O O ® ‘° <0 
ANALOG BIP 20V 10V = 

COMMON OFF INPUT INPUT 


*(“NIBBLE” IS A 4-BIT DIGITAL WORD.) 
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Specifications HI-674A/883 


Absolute Maximum Ratings Thermal Information 
Voe to-Digttal-GrOunGs 2.46 ie wes eee bees 0 to +16.5V Thermal Resistance, Junction-to-Case (jc) 
VEE to Dignal Grounds osc oo ess oss 5 vk Sele wea 0 to -16.5V Sidebrazed DIP Package...................00. 12°C/W 
VioGic to Digital: Ground’: .... 2... 66. cc cece ea un 0 to 7V Ceramic LCC Package ............6..00.000e0e 11°C/W 
Analog Common to Digital Common................... +1V Thermal Resistance, Junction-to-Ambient (Bia) 
Control Inputs (CE, CS, Ag, 12/8, R/C) to Sidebrazed DIP Package...................... 70°C/W 
Digital Common::. 5.4... os... ia -0.5V to VLoGic +0.5V Ceramic: LCG Package ..... 6... esc e eee enees 38°C/W 
Analog Inputs (REF IN, BIP OFF, 10Vjj) to Power Dissipation (at +75°C) 
Anelog Common a. focc css oo eet wcah eed jhe +16.5V Sidebrazed DIP Package ..:..........6. doses c cus 2.08W 
20 Vin to Analeg Common oo: 5... race ss cee +24V Ceramic ECCWSCKSOG eos. io bs ho ER one Se oe 5 2.27W 
REPGUT. 5 sivas eA eee cows toe Indefinite Short to Common Power Dissipation Derating Factor (Above +75° C) 
10ms Short to Vcc Sidebrazed DIP Package................... 20.8mW/°C 
Storage Temperature Range............... -65°C to +150°C Ceramic LCC Package 4... ut... dees 0. 22.7mW/°C 
Lead Temperature (Soldering 10 Seconds) ............ 275°C 
Junction Temperatures 50... ee cee cw ln can +175°C 


Recommended Operating Conditions 


Operating Temperature Range................ -55°C +125°C Analog Input Voltage, 10Vjy ............. +5V or 0 to +10V 
FV GUPPUY vs wy Fiat he cao ohcke See a dun Dh eae. +15V — Analog Input Voltage 20Viy..........--. +10V or 0 to +20V 
2M SUPPLY o.5 aca cab S eh pe, Rv clues eee. -15V Logic Level PawilVip) 5.06 a.0o oils dan othe OV to 0.8V 
MOORING aswudcau whist adds ibe chiiestone oe +5V Logic: Level (High (Viehi cess ei se es cece oe Bde 2.4V to +5V 
MER ox ca ncetn hs dee icnven scee dendiny cede aad, +10V 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


Devices Tested At Vcc = +15V, Veg = -15V, Vigg = 5.0V, Unless Otherwise Specified. 


(Figure 1,2 & Note 1, Chart A LIMITS 


(Note 1) Apply Unless Otherwise Noted) GROUP A HI-674AS HI-674AT 
DC PARAMETER | SYMBOL CONDITIONS SUBGROUPS TEMP | MIN | MAX | MIN | MAX [UNITS 


Output Code = 
000000000000 and 
111111111111 (Note 2) 


Power Supply 
Current From 
Vcc 
Power Supply 
Current From 
VEE 
Power Supply 
Current From 
VLOGIC 


Power 
Dissipation 


Icc 


N 
w 
as 
nN 
or 
oO 
on 
a 
oO 

BEC. 
=| 
> 


Output Code = 
000000000000 and 
111111111111 (Note 2) 


+ 
N 
on 
ie} 
io) 
N 
e 
N 
=| 
> 


ae 
oa 
+18 
a] oO 
CE 
yd 
Oo 
sf [als 
nS) 
WwW 
als 
3/;3 
>] > 


Output Code = 
000000000000 and 
111111111111 (Note 2) 


Calculated Worst Case 
of 2 Conditions (Note 3) 


pier re syle ee ae 


23 Ears 
aa ae _ 


Input Low 
Current 


VioGg = 5.5V 
Vin(LOGIC) = 0.0V 


aos ic 


Input High 
Current 


Viog = 55V 
Vin(LOGIC) = 2.4V 


Viog = 5.5V 
Vin(LOGIC) = 5.5V 


High Impedance 
State Output 
Current 


Viog = 5.5V 
Vin = 11.0V Min 

Output Code = 111111111111 
Set R/C = Logic “0” 
Output Bits 1 thru 12 
Measured Separately 

Vo = 0.0V all Bits (Note 2) 
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TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 
Devices Tested At Vcc = +15V, Veg = -15V. VLOG = 5.0V, Unless Otherwise Specified. 


(Fig. 1,2 & Note 1 Apply LIMITS 


(Note 1) Unless Otherwise Noted.) GROUP A HI-674AS HI-674AT 
DC PARAMETER SYMBOL CONDITIONS SUBGROUPS | MIN | =MAX | UNITS | UNITS 


High Impedance 
State Output 
Current 


VLOG = 5.5V 
Vin = -1.0V Max 

Output Code = 
000000000000 

Set R/C = Logic “0” 
Output Bits 1 thru 12 
Measured Separately 

Vo = 5.5V All Bits (Note 2) 


Pee oe | Sy TS pak 


ar = iui 
Vv 


Output Logic 
Voltage Levels 


VLoG = 5.0V 
Output Code = 
000000000000 
Measure Output 
Bits 1 thru 12 & STS 
I, = 1.6mA (Note 2) 


VLoGc = 4.5 
Output Code = 
111111111111 
Measure Bits 1 thru 12 
I, = -0.5mA (Note 2) 


Reference 
Voltage 


Output Code = 
000000000000 

Bipolar, VFSR = 20V 

I, = 2.0mA (Notes 2, 4) 


Power Supply 
Sensitivity 
To Vcc 


13.5V S Vcc S 16.5V 
Output Transition = 
11111111111X- 
OOOOO0D00000X 
(Note 5) 


11.4V < Vcc S 12.6V 
Output Transition = 
11111111111X- 
OOOD0000000X 
(Note 5) 


4.5V =< VLOG < 5.5V 
Output Transition = 
11111111111X- 
OOOO0000000X 
(Note 5) 


-16.5 < Veg S -13.5V 
Output Transition = 
11111111111X- 
OOOOOO00000X 

(Note 5) 


Power Supply 
Sensitivity 
To VLOG 


cae ce acfat Z a - 7 


aes el oe en on 


Power Supply 
Sensitivity 
To VEE 


-12.6V S Veg S -11.4V 
Output Transition = 
11111111111X- 

OOOO00000000X 
(Note 5) 


Output Transition = 
OOO000000000X 
(Note 5) 


Unipolar 
Offset 
Voltage 


Bipolar BZ 
Zero 


Output Transition = 
XXXKXKKKKKKKK 
Bipolar, VFSR = 20V 
(Note 5) 
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PRODUCTS 
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TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


Devices Tested At Vcc = +15V, Veg = -15V, VLOG = 5.0V, Unless Otherwise Specified. 


(Figure 1,2 & Note 1, 
(Note 1) Apply Unless Otherwise Noted) GROUP A 
DC PARAMETER SYMBOL CONDITIONS SUBGROUPS 


Sea ST See 
é 1 ia 


Integral Linearity 
Error 


LIMITS 
H1-674AS HI-674AT 


Output Transition = 
OOO000000000xX 

to 11111111111X 
(Note 5) 


(2) 
wW 
S 
Ww 
o 
Ww 
x 
2} 

> 


Bipolar, VFSR = 20V 
(Note 5) 


nN 
wo 
+ 
— 
N 
o 
° 
9 
' 
on 
a 
° 
2) 
tes 
172) 
D 


= i 
nN 
on 

° 
QO 
2) 
w 
fo) 
w 
io) 
w 
x 
° 
fa 


Abbreviated Test 
(Note 5) 


n 
” 
es) 


Abbreviated Test 
(Note 5) 


Differential Linearity 
Error 


+ 
N 
on 
° 
2) 
E 
BE 
i — 
n 2) 
i] ie] 


10V Span Input 
(Note 11) 


Input Resistance 


hema ba: +25°C 3.75 | 6.25 | 3.75 | 6.25 KQ 


” Foe 
or 


20V Span Input 
(Note 11) 


N 

w 

+ 

— 

N 

on 

° 

9 

on 

on 

° 

oO 
gi 
fe 
= a 

5 


fe 
x 
~ 


Unipolar Offset Output Transition = 
Voltage Drift OOO000000000X 
(Note 5) 


- 
wn 
wo 


Bipolar Zero Drift LSB 


Output Transition = 
XXXXXXXXXXXKX 
Bipolar, VFSR = 20V 
(Note 5) 


faa 
pa 
Zz 


Gain Error Drift dAg Output Transition = 2:3 +125°C, -55°C | -20 20 LSB 
‘dT 00000000000x to 
PUTTIEULUTE TAX 
(Note 5) 
dBPAg Bipolar, VFSR = 20V +125°C,.-55°C.5  =20 20 LSB 
dT (Note 5) 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


Devices Tested At Vcc +15V. Veg = -15V. VLOG = 5.OV, Unless Otherwise Specified. 


(Figure 1,2 & Note 1 Apply 


(Note 1) Unless Otherwise Noted) GROUPA H1-674AS HI-674AT 


AC PARAMETER SYMBOL CONDITIONS SUBGROUPS | MIN | MAX | UNITS 
Ce a EE 


Time Output Code = 
000000000000 10, 11 +125°C, -55°C 
8 Bit Cycle (Note 5) 


Output Code = 
PETTITT AV T11 +125°C, -55°C us 
12 Bit Cycle (Note 5) 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


Devices Characterized At Vcc = +15V, Veg = -15V. VLOG = 5.0V, Unless Otherwise Specified. Load is 3k{2, 50pF where applicable. 
Figure 3, 4,5, &@6 applies Unless Otherwise Noted. 


HI-674AS/883 
HI-674AT/883 
SYMBOL CONDITIONS 
ECTS EO SEES 
tos 5. 


PARAMETER 


STS Delay From R/C Low to High Transition 
Referenced to High to 
Low R/C Transition. 
Output Code = 


000000000000 


Minimum R/C Pulse Width 
Required to Start a 
Conversion 


Low R/C Pulse Width 


Data Valid After 
R/C Low 


Output Data Valid, 
Referenced to High to 
Low R/C Transition 
Output Code = 
000000000000 & 
111111117111 


STS Delay After 
Data Valid 


STS High to Low 
Transition Referenced 
to Valid Output Data 
Output Code = 
OOOO000000000 & 
Ws Wie Ps Fea 


DATA CONVERSION 
PRODUCTS 


Minimum R/C Pulse Width 
Required to Enable 

Output Bits 

Output Code = 
OOOO000000000 & 
4104070071701 


High R/C 
Pulse Width 


Output Data Valid, 
Reterenced to Low to 
High R/C Transition 
Output Code = 
OOOO000000000 & 
VEVTTEVAUVT AT 


Data Access Time 


STS Delay From CE Low to High Transition, 
Referenced to Low to 
High CE Transition 
Output Code = 


000000000000 


+125°C, -55°C 
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TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


Devices Characterized At Vcc = +15V, Veg = -15V, VLOG = 5.0V, Unless Otherwise Specified. Load is 3k, 50pF where applicable. 
Figure 3, 4,5, & 6 applies Unless Otherwise Noted. 


HI-674AS/883 
HI-674AT/883 
CONDITIONS NOTES TEMP | saax._| UNITS 


OSTEO AES, REO SA SS ER Se MS on ee 
Minimum CE Pulse Width 


Required to Start a 


Conversion 


PARAMETER 
SE 


CE Pulse Width tHEcC 


SYMBOL 


CS to CE Setup 


Minimum Time Required 
From a High to Low CS 
Transition to Low to 
High CE Transition for 

a Conversion to Start 
from CE 


Minimum Time Required 
From a Low to High CE 
Transition to Low to 
High CS Transition for 

a Conversion to Start 


+25°C 


Minimum Time Required 
From a High to Low R/C 
Transition to Low to 
High CE Transition for 

a Conversion to Start 
from CE. 


R/C Low 
During CE 
High 


Minimum Time Required 
From a Low to High CE 
Transition to Low to 
High R/C Transition for 
a Conversion to Start 


Minimum Time Required 
From a Low to High or 
High to Low AO 
Transition to Low to 
High CE Transition to 
Initiate an 8-bit or 
12-bit Conversion, 
Respectively. 


Ag To 
CE Set-Up 


Minimum Time Required 
From a Low to High CE 
Transition to Low to 
High or High to Low 

to Low Ag Transition 

to Guarantee a 12-bit 

or 8-bit Conversion, 
Respectively. 


Ag Valid 
During CE 
High 


Access Time 
From CE 


Output Data Valid, 
Referenced to Low to 
High CE Transition 
Output Code = 
000000000000 & 

i 8 FN ek 


Data Valid 
After CE 
Low 


Output Data Valid, 
Referenced to High to 
Low CE Transition 
Output Code = 
000000000000 & 
VERSA Et a 
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TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


Devices Characterized At Vcc = +15V, Veg = -15V, VLOG = 5.0V, Unless Otherwise Specified. Load is 3k{2, 50pF where applicable. 
Figure 3, 4,5, & 6 applies Unless Otherwise Noted. 


Hi-674AS/883 
HI-674AT/883 
PARAMETER SYMBOL CONDITIONS NOTES TEMP oa Se | UNITS 
a Se amma er esl 


a ae Pes 
12-70 +25°C, 
+125°C, -55°C 


1,2,10 +25°C 50 7 


Output Delay to HI-Z, 
Referenced to High to 
Low CE Transition 
Output Code = 
OOOOOO000000 & 
111111111111 


Output tu 
Float 
Delay 


Minimum Time from 
CS High to Low 
Transition to CE Low 
to High Transition to 
Guarantee Data Valid 
is Controlled by CE. 
Output Code = 
OOO0O000000000 & 
111111111111 


cs To tssr 
CE Setup 


CE Set-Up 


Minimum Time from R/C 
Low to High Transition 
To CE Low to High 
Transition to Guarantee 
Data Valid is 

Controlled by CE. 

Output Code = OOOOO0000000 
& 111111111111 


Minimum Time From Ag 
High to Low or Low to 
High Transition to CE 
Low to High Transition 
to guarantee the correct 
byte gets enabled. 


Ao To tsaR 
CE Set-Up 


Minimum Time from CE 
High to Low Transition 
to CS Low to High 
Transition to Guarantee 
High Impedance State is 
Controlled by CE. 


CS Valid 
After CE 
Low 


DATA CONVERSION 
PRODUCTS 


Minimum Time from CE +25 °C ns 
High to Low Transition 
to R/C High to Low 
Transition to Guarantee 
Device Will Disable 
Before Another 


Conversion is Initiated. 


tuAR Minimum Time From CE ho +25 © 50 ns 
High to Low Transition 
to Ag High to Low 
or Low to High Transition 
to Guarantee Enabled 
Byte Does Not Change 
Until Device Is Disabled 


R/C High 
After CE 
Low 


Ag Valid 
After CE 
Low 
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TABLE 4.ELECTRICAL TEST REQUIREMENTS 


Groups C & D Endpoints 


*PDA applies to Subgroup 1 only. No other subgroups are included in PDA. 


NOTES: 


We 
Pi 


See definitions. 


A output code of 0000 0000 0000 is guaranteed by an input voltage Vijy = -1V and an output code of 1111 11111111 is guaranteed by an input 
voltage Vin, = 11V. 


- Pa= (Voc * Icc + Veg * lee + VLoGic * ILoGic) Power dissipation shall be calculated using the two output code conditions 0000 0000 0000 


and 1111 1111 1111. 


. The reference voltage external load current shall be constant direct current and shall not exceed 2mA. 
. X represents the transition point between two adjacent code-words 


(ie: C000 0000 O0OX represents the transition between code-words 0000 0000 0000 and 0000 0000 0001, 

XXXX XXXX XXXX represents the transition between code-words 

0111 1111 1111 and 1000 0000 0000 and 

1111 1111 111X represents the transition between code-words 

1111 1111 1110 and 1111 1111 1111). 
Implies a falling edge transition from 2.4V to O.8V, after remaining input pins are set. 

vf implies a falling edge transition from 2.4V to O.8V, after remaining input pins are set, then, after a minimum of 200ns, a rising edge 
transition to 2.4V. 

4 Implies a rising edge transition from O.8V to 2.4V after remaining input pins are set. 
R/C = Implies a falling edge from 2.4V to a TTL Low, approximately O.0V. 


. The parameters listed in this table are controlled via design or process parameters and are not directly tested. These parameters are characterized 


upon initial design release and upon design changes which would affect these characteristics. 


. Aconversion must be performed at the inputted voltage prior to Rj10V and Rj20V measurements. 
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Test Circuit and Test Conditions 


A/D SERVO LOOP 


TRIGGER 
CKT 


COUNTER 


STATUS 


v/l 
FORCE 


VA 
FORCE 


DB11, MSB 


DIGITAL 
DRIVERS 


DB10 
DIGITAL 
DRIVERS 


BBS 
MEASURE- 


MENT 
avacen os MEASURE- 
MENT 
+5V VL DB? 23 ee cid 


+15V Voc DBE 22 


-15V VEE DB5 


REF. IN DB4 20 


REF. OUT DB3 19 


BIPOLAR IN DB2 18 


DBI 


10V SPAN INPUT 


20V SPAN INPUT DBO.LSB 


ANA. COM. DIG.COM. 15 


DATA CONVERSION 
PRODUCTS 


AID 100K 
SERVO LOOP 


NOTES: 
1. The connections of the V/I force, digital drivers, and measurement 
system are software controlled. 
2. DC1 — DC12 are input bits of the digital comparator in the A/D 
servo loop. 
3. SLR => super linear reference. 


FIGURE 1.TEST CIRCUIT 
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Test Circuit and Test Conditions (Continued) 


CALCULATE APPROXIMATE VALUE OF 
TRANSITION N, V = VALUE 


SET SLR TO CALCULATED VALUE V 


SET DIGITAL COMPARATOR TON. 
SET EFFECTIVE DITHER RAMP RATE TO 20uV/us 
ENABLE ADC SERVO LOOP LOGIC 


RESET AND START TIMER 


PERFORM A CONVERSION. 
IS ADC OUTPUT>=N 
? 


RAMP 
DITHER 
UP 


MORE THAN 2.6ms SINCE LAST TIME 
ADC OUTPUT=N 
? 


IS ELAPSED TIME >3ms 
? 


IS EFFECTIVE DITHER 
RAMP RATE = 20uV/ys ? 
? 


SET EFFECTIVE DITHER 
RAMP RATE = 2uV/ps 


GENERATE 
MISSING CODE 
ALARM 


NO 


MEASURE AT 


“MEASURE HI” = 
TRANSITION N VOLTAGE 


NOTES: 


1. SLR = Super Linear Reference. 


2. See Figure 1 for Test Circuit. 


FIGURE 2. TEST FLOW FOR ANALOG TO DIGITAL SERVO LOOP 
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Switching Waveform Information 


Conversion Length 


A Convert Start transition (see Chart B) latches the state of 
Ao. which determines whether the conversion continues for 
12-bits (Ag low) or stops with 8-bits (Ao high). If all 12-bits 
are read following an 8-bit conversion, the three LSBs will 
read zero and DB3 will read ONE. Ao is latched because it is 
also involved in enabling the output buffers (see Reading 
the Output Data’). No other control inputs are latched. 


CHART B. TRUTH TABLE FOR HI-674A/883 


CONTROL INPUTS 
6) 


| cs | A/C 12/8 | Ao | OPERATION 


None 
None 


Initiate 12-bit conversion 
Initiate 8-bit conversion 
Initiate 12-bit conversion 
Initiate 8-bit conversion 
Initiate 12-bit conversion 
Initiate 8-bit conversion 
Enable 12-bit Output 
Enable 8 MSB’s Only 
Enable 4 LSB’s Plus 4 
Trailing Zeroes 


coco Oo gboo = x 
00> «x MK KK M8 
~ Ox = 6 4 Oo ao x & 


-=-- ddOo00o0o0d x x 


Conversion Start 


A conversion may be initiated as shown in Chart B by a logic 
transition on any of three inputs: CE, CS or R/C. The last of 
the three to reach the correct state starts the conversion, so 
one, two or all three may be dynamically controlled. The 
nominal delay from each is the same, and if necessary, all 
three may change state simultaneously. See the Timing 
Specifications, Convert mode. 


The variety of control modes allows a simple interface in 
most system applications. The Convert Start timing rela- 
tionships are illustrated in Figure 5. 


The output signal STS indicates status of the converter by 
going high only while a conversion is in progress. While 


STS is high, the output buffers remain ina high impedance 
state and data cannot be read. Also, an additional Start Con- 
vert will not reset the converter or reinitiate a conversion 
while STS is high. (However, if Ag changes state after a con- 
version begins, an additional Start Convert signal will latch 
the new state of Ao, possibly causing a wrong cycle length 
(8 vs. 12-bits) for that conversion). 


Reading the Output Data 


The output data buffers remain in a high impedance state 
until four conditions are met: R/C high, STS low, CE high and 
CS low. At that time, data lines become active according to 
the state of inputs 12/8 and Ao: Timing constraints are illus- 
tated in Figure 6. 


The 12/8 input will be tied high or low in most applications, 
though it is fully TTL/CMOS compatible. With 12/8 high, all 
12 output lines become active simultaneously, for interface 
to a 12 or 16-bit data bus. The Ao input is ignored. 


With 12/8 low, the output is organized in two 8 bit bytes, 
selected one at a time by Ao. This allows an 8 bit data bus to 
be connected as shown in Figure 10. Ag is usually tied to the 
least significant bit of the address bus, for storing the output 
data in two consecutive memory locations. (With Ap low, 
the 8 MSBs only are enabled. With Ag high, 4 MSBs are dis- 
abled, bits 4 through 7 are forced to zero, and the 4 LSBs are 
enabled). This two byte format is considered left justified 
data”, for which a decimal (or binary!) point is assumed to 
the left of byte 1: 


BYTE 1 BYTE 2 
ORO [ xxxxo0000 | 
MSB LSB 


Further, Ag may be toggled at any time without damage to 
the converter. Break-before-make action is guaranteed bet- 
ween the two data bytes, which assures that the outputs 
strapped together in Figure 10 will never be enabled at the 
same time. 


A read operation usually begins after the conversion is com- 
plete and STS is low. For earliest access to the data 
however, the read should begin no later than (top + tus) 
before STS goes low. See Figure 6. 


STAND-ALONE MODE TIMING (OVER FULL TEMP. RANGE) 


SYMBOL 


Low R/C Pulse Width 
STS Delay from R/C 


Data Valid After R/C Low 
STS Delay After Data Valid 
High R/C Pulse Width 
Data Access Time 
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Switching Waveforms 


tHRL 


STS 


tHDR tHS 
DB11-DB0 DATA VALID DATA VALID 


FIGURE 3. LOW PULSE R/C-OUTPUTS ENABLED AFTER CONVERSION 


HIGH-Z A HIGH-Z 
0B11-DBC brian / 


FIGURE 4. HIGH PULSE FOR R/C-OUTPUTS ENABLED WHILE R/C HIGH, OTHERWISE HIGH-Z 


cE 
tHEC 
tssc 


cs 3 
PTE ase 
tSRC 


“ ‘c, 


tSAC 


PRODUCTS 


STS 


DATA CONVERSION 


tDSC 
HIGH IMPEDANCE 


DB11-DBO 
FIGURE 5. CONVERT START TIMING 
CE 
tssR tHSR 
cs 
R/C 
Ao 
STS 
DB11-DBO 


FIGURE 6. READ CYCLE TIMING 
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H1!-674A/883 


28 PIN SIDEBRAZED DIP 


+5V 
} 1s sts 128 R13 
| 2| oatamooe meee S 
CHIP SELECT CS DB10 
i aes BYTE ADD/SHORT Rene OR 
- : ay CYCLE Ag — Be ae 
fg © READ/CONVERT R/C DBS 
im CHIP ENABLE CE DB7 es a, | 
1 
*y 7) +15v DB6 Pes 
D2 C2 8 | +10V REF OUT DBS PERS 
ea] ANALOG GND DB4 ie | 
ie Soe AED 
fe eae -15V DB2 eves 
ss “ ep ieee, on 
5 13] tov SPAN 
= Nc—“4 20VSPAN DIGITAL GND 
NOTES: 


R1 thru R13 = 10kQ 


C1 thru C3 = 0.01 uF minimum (per socket) or 0.1 uF (per row) 


D1 thru D3 = IN4002 
VIN = Triangle Wave Form, +5V to -5V. 1kHz 


fo = square waveform, 10kHz, 90% Duty Cycle, OV to 5V 


44 PIN CERAMIC LEADLESS CHIP CARRIER 


fo 
+15.0V 
C2 
D2 
-15.0V ~ 
C3 
D3 


NOTES: 
R1 thru R13 = 10kQ 


+5.0V 9 


D1 C1 


165 tbat 3th 27 stgqgn gg 
PSLIEILIE IS) mots 
7jNC $3583 @ = 
ay Cea 2 
8 NC souacu> - 
=5 = o on So ” 
e 94 R/C = = 
10} CHIP ENABLE,CE a 
11 |415VsuPPLYVcc | ® 
12} +10V REF OUT 
coe a ANALOG 
P= 4 ‘9 _j COMMON, AC 
iq) REFERENCE INPUT, 
= = REF IN * 
15 }-15V SUPPLY, VEE I 
== 1ovspan & 
16 NC 20VSPAN = 
77 1 BIPOLAR NC S 
17 | OFFSET tg ey rae = 
ee SE yee eee ee 


FIC AIFAIC ACA Ar I Aware 4 
618 441968200) 21082208 2301240025 0126002708 281 


C1 thru C3 = 0.01uF minimum (per socket) or 0.1 uF (per row) 


D1 thru D3 = IN4002 
VIN = Triangle Wave Form, +5V to -5V. 1kHz 


Vine = 


fo = square waveform, 10kHz, 90% Duty Cycle, OV to 5V 
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Die Characteristics 


DIE DIMENSIONS: TRANSISTOR COUNT ANALOG DIE: 317 
ANALOG DIE: 204x104 mils DIGITAL DIE: 800 
DIGITAL DIE: 158 x 84 mils PROCESS: ANALOG DIE: Bipolar-DI 

METALLIZATION: DIGITAL DIE: CMOS-JI 
ANALOG DIE: -- -Type: Al i j DIE ATTACH: Material: Gold/Silicon Eutectic Alloy 

Thickness: 16kA + 2kA Temperature: 420°C Max 
DIGITAL DIE: Type: SiAl pik aera: 
Thickness: 16kA + 2kA ANALOG DIE: Type: Silox 

WORST CASE CURRENT DENSITY: Thickness: 14kA + 2kA 
ANALOG DIE: ‘1.63 x 10° A/cm? DIGITAL DIE: Type: Silox 
DIGITAL DIE: 1.93 x 10° A/em2 Thickness: 8kA + 2kA 

Metallization Mask Layout 
HI-674A/883 ANALOG DIE HI-674A/883 DIGITAL DIE 


- Ad cs 
RIC 
CE 


VLOGIC 0B11 
(MSB)  0B10 


Vcc 

VREFOUT z 

(MSB) ° 
;, tus iS ” ~” 
Hu. lz - DAC BIT 10, oi 
AT on A «DAC BIT >Y 
a 3 

= 

mn re vi @ YO 2 
at e <a 

ANALOG sue je y 2 

COMMON SRE begs Se auyy : a Q 

as tt rere | haces a Wri DAC BIT 8 : 
i } ¢ wre : a: LASS 4} 
aun! = ar 
uo le 
 auey DAC BIT 7 
Ipac OUT wm DAC oS 
a 
VREF IN oo es : DAC BIT5 ——__ 


DAC BIT4 ——__ 


SAC HT? —__ | 


Poas FSGS RoaM PaiaM I 


PE TIAMAT FIONHIAALT FuP|YOAE, jUPMNOMT ;AOM ICO] | 19} 


{ 


¥ 


t Cs . 
Se 


} 


“t 


BEBE ¥ 


DB1 DB2 
DIGITAL DBO 
COMMON (LSB) 


BIPOLAR 10V 20V 
OFFSET INPUT INPUT 
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Packaging'* 
28 PIN CERAMIC DIP 
1.585 587 
225 1.415 .080 .603 
aye a Fs .005 MIN | r ra | | 
L = .008 
oe .015 
.150 joo 040 | § .125 .598 
MIN 040 ®BSC’ .060 .180 612 
.080 "054 
MAX .054 
LEAD MATERIAL: Type B INTERNAL LEAD WIRE: 
LEAD FINISH: Type C Material: Aluminum 
PACKAGE MATERIAL: Multilayer Ceramic, 90% Alumina Diameter: 1.25 Mil 
PACKAGE SEAL: Bonding Method: Ultrasonic 
Material: Gold/Tin (80/20) COMPLIANT OUTLINE: 38510 D-10 
Temperature: 320°9C + 10°C 
Method: Furnace Seal 
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089 
PAD MATERIAL: Type C INTERNAL LEAD WIRE: 
PAD FINISH: Type A Material: Aluminum 
FINISH DIMENSION: Type A Diameter: 1.25 Mil 
PACKAGE MATERIAL: Multilayer Ceramic, 90% Alumina Bonding Method: Ultrasonic 
PACKAGE SEAL: COMPLIANT OUTLINE: 38510 C-5 
Material: Gold/Tin (80/20) 
Temperature: 320°C + 10°C 
Method: Furnace Braze 
NOTE: All Dimensions are — , Dimensions are in inches. t Mil-M-38510 Compliant Materials, Finishes, and Dimensions. 
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DESIGN INFORMATION 


HI-674A 


Fast, Complete 12-Bit A/D Converter 
With Microprocessor Interface 


The information contained in this section has been developed through characterization by Harris Semiconductor and is for 


use as application and design data only. No guarantee is implied. 


Definitions of Specifications 


Linearity Error 

Linearity error refers to the deviation of each individual code 
from a line drawn from “zero” through “full scale’. The point 
used as “zero” occurs %LSB (1.22mV for 10 volt span) 
before the first code transition (all zeros to only the LSB 
“on’). “Full scale” is defined as a level 1¥%LSB beyond the 
last code transition (to all ones). The deviation of a code 
from the true straight line is measured from the middle of 
each particular code. 


The HI-674AT grade is guaranteed for maximum non- 
linearity of +Y%LSB. This means that an analog value which 
falls exactly in the center of a given code width will result in 
the correct digital output code. Values nearer the upper or 
lower transition of the code width may produce the next 
upper or lower digital output code. The HI-674AS grade is 
guaranteed to +1LSB max error. An analog value which falls 
within a given code width will result in either the correct 
code for that region or either adjacent one. 


Note that the linearity error is not user-adjustable. 


Differential Linearity Error (No Missing Codes) 
Aspecification which guarantees no missing codes requires 
that every combination appear in a monotonic increasing 
sequence as the anaiog input level is increased. Thus every 
code must have a finite width. The HI-674AT grade, guaran- 
tees no missing codes to 12-bit resolution, all 4096 codes 
must be present over the entire operating temperature 
ranges. The HI-674AS grade guarantees no missing codes 
to 11-bit resolution over temperature; this means that all 
code combinations of the upper 11-bits must be present; in 
practice very few of the 12-bit codes are missing. 


Unipolar Offset 

The first transition should occur at a level ’%LSB above 
analog common. Unipolar offset is defined as the deviation 
of the actual transition from that point. This offset can be 
adjusted as discussed on the following pages. The unipolar 
offset temperature coefficient specifies the maximum 
change of the transition point over temperature, with or 
without external adjustment. 


Bipolar Offset 

Similarly, in the bipolar mode, the major carry transition 
(0111 1111 1111 to 1000 0000 0000) should occur for an 
analog value %LSB below analog common. The bipolar 
offset error and temperature coefficient specify the initial 
deviation and maximum change in the error over temperature. 


Full Scale Calibration Error 


The last transition (from 1111 1111 1110 to 1111 1111 
1111) should occur for an analog value 1/%2LSB below the 
nominal full scale (9.9963 volts for 10.000 volts full scale). 
The full scale calibration error is the deviation of the actual 
level at the last transition from the ideal level. This error, 
which is typically 0.05 to 0.1% of full scale, can be trimmed 
out as shown in Figures 7 and 8. The full scale calibration 
error over temperature is given with and without the initial 
error trimmed out. The temperature coefficients for each 
grade indicate the maximum change in the full scale gain 
from the initial value using the internal 10 volt reference. 


Temperature Coefficients 


The temperature coefficients for full-scale calibration, 
unipolar offset, and bipolar offset specify the maximum 
change from the initial (25°C) value to the value at T 
orT 


min 
max. 


Power Supply Rejection 


The standard specifications for the HI-674A assume use of 
+5.00 and £15.00 or £12.00 volt supplies. The only effect 
of power supply error on the performance of the device will 
be a small change in the full scale calibration. This will result 
in a linear change in all lower order codes. The specifi- 
cations show the maximum change in calibration from the 
initial value with the supplies at the various limits. 


Code Width 


A fundamental quantity for A/D converter specifications is 
the code width. This is defined as the range of analog input 
values for which a given digital output code will occur. The 
nominal value of a code width is equivalent to 1 Least 
Significant Bit (LSB) of the full scale range or 2.44mV out of 
10 volts for a 12-bit ADC. 


Quantization Uncertainty 


Analog-to-digital converters exhibit an inherent quantiza- 
tion uncertainty of £12LSB. This uncertainty is a fundamen- 
tal characteristic of the quantization process and cannot be 
reduced for a converter of given resolution. 


Left-Justified Data 


The data format used in the HI-674A is left-justified. This 
means that the data represents the analog input as a frac- 
tion of full-scale, ranging fromO to #222 This implies a 


binary point to the left of the MSB. 
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Applying the HI-674A* 


For each application of this converter, the ground connec- 
tions, power supply bypassing, analog signal source, digital 
timing and signal routing on the circuit board must be 
optimized to assure maximum performance. These areas are 
reviewed in the following sections, along with basic operat- 
ing modes and calibration requirements. 


PHYSICAL MOUNTING AND LAYOUT 
CONSIDERATIONS 


Layout 

Unwanted, parasitic circuit components, (L, R, and C) can 
make 12-bit accuracy impossible, even with a perfect A/D 
converter. The best policy is to eliminate or minimize these 
parasitics through proper circuit layout, rather than try to 
quantify their effects. 


The recommended construction is a double-sided printed 
circuit board with a ground plane on the component side. 
Other techniques, such as wire-wrapping or point-to-point 
wiring on vectorboard, will have an unpredictable effect 
on accuracy. 


In general, sensitive analog signals should be routed bet- 
ween ground traces and kept well away from digital lines. If 
analog and digital lines must cross, they should do so at 
right angles. 


Power Supplies 

Supply voltages to the HI-674A (+15V, -15V and +5V) 
must be ‘quiet’ and well regulated. Voltage spikes on these 
lines can affect the converter’s accuracy, causing several 
LSB’s to flicker when a constant input is applied. Digital 
noise and spikes from a switching power supply are 
especially troublesome. If switching supplies must be used, 
outputs should be carefully filtered to assure ‘‘quiet’’ DC 
voltage at the converter terminals. 


Further, a bypass capacitor pair on each supply voltage terminal 
is necessary to counter the effect of variations in supply 
current. Connect one pair from pin 1 to 15 (VLoGcic supply), 
one from pin 7 to 9 (Vcc to Analog Common) and one from 
pin 11 to 9 (Veg to Analog Common). For each capacitor 
pair, a 10uF tantalum type in parallel with a 0.1 uF ceramic 
type is recommended. 


Ground Connections 

The typical HI-674A ground currents are 5.5mADC into pin 
9 (Analog Common) and 7mADC out of pin 15 (Digital Com- 
mon). These pins should be tied together at the package to 
guarantee specified performance for the converter. In addi- 
tion, a wide PC trace should run directly from pin 9 to 
(usually) 15V common, and from pin 15 to (usually) the +5V 
Logic Common. If the converter is located some distance 


*Pin numbers correspond to DIP package only. 


from the system's “single point’ ground, make only these 
connections to pins 9 and 15: Tie them together at the pac- 
kage, and back to the system ground with a single path. This 
path should have low resistance since it will carry about 
1.5mA of DC current. (Code dependent currents flow in the 
Vcc Veg and Vi ggic terminals, but not through the HI-674A’s 
Analog Common or Digital Common). 


ANALOG SIGNAL SOURCE 

The device driving the HI-674A analog input will see a 
nominal load of 5kM (10V range) or 10kM (20V range). 
However, the other end of these input resistors may change 
as much as +400mV with each bit decision, creating abrupt 
changes in current at the analog input. Thus, the signal 
source must maintain its output voltage while furnishing 
these step changes in load current, which occur at 950ns 
intervals. This requires low output impedance and fast set- 
tling by the signal source. 


The output impedance of an op amp, for example, has an 
open loop value which, in a closed loop, is divided by the 
loop gain available at a frequency of interest. The amplifier 
should have acceptable loop gain at 1MHz for use with the 
HI-674A. To check whether the output properties of a signal 
source are suitable, monitor the 674A’s input (pin 13 or 14) 
with an oscilloscope while a conversion is in progress. Each 
of the twelve disturbances should subside in one half micro- 
second or less. (The comparator decision is made about 
800ns after each code change from the SAR). 


lf the application calls for a Sample/Hold to precede the 
converter, it should be noted that not all Sample/Holds are 
compatible with the HI-674A in the manner described 
above. These will require an additional wideband buffer 
amplifier to lower their output impedance. A simpler solu- 
tion is to use the Harris HA-5320 Sample/Hold, which was 
designed for use with the HI-674A. 


RANGE CONNECTIONS AND CALIBRATION 
PROCEDURES 

The HI-674A is a “complete” A/D converter, meaning it is 
fully operational with addition of the power supply voltages, 
a Start Convert signal, and a few external components as 
shown in figures 7 and 8. Nothing more is required for 
most applications. 


Whether controlled by a processor or operating in the 
stand-alone mode, the HI-674A offers four standard input 
ranges: OV to +10V, OV to +20V, +5V and +10V. The 
maximum errors for gain and offset are listed under Specifi- 
cations. If required, however, these errors may be adjusted 
to zero as explained below. Power supply and ground con- 
nections have been discussed in an earlier section. 
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Unipolar Connections and Calibration 


Refer to figure 7. The resistors shown” are for calibration of 
offset and gain. If this is not required, replace R2 with a 
502, 1% metal film resistor and remove the network on pin 
12. Connect pin 12 to pin 9. Then, connect the analog signal 
to pin 13 for the OV to 10V range, or to pin 14 for the OV to 
20V range. Inputs to +20V (5V over the power supply) are 
no problem — the converter operates normally. 


Calibration consists of adjusting the converters’s most 
negative output to its ideal value (offset adjustment), then, 
adjusting the most positive output to its ideal value (gain 
adjustment). To understand the procedure, note that in prin- 
ciple, one is setting the output with respect to the midpoint 
of an increment of analog input, as denoted by two adjacent 
code changes. Nominal value of an increment is one LSB. 
However, this approach is impractical because nothing 
“happens” at a midpoint to indicate that an adjustment is 
complete. Therefore, calibration is performed in terms of the 
observable code changes instead of the midpoint between 
code changes. 


For example, midpoint of the first LSB increment should be 
positioned at the origin, with an output code of all O's. To do 
this, apply an input of +/2LSB (+1.22mV for the 10V range; 
+2.44mV for the 20V range). Adjust the Offset poten- 
tiometer R1 until the first code transition flickers between 
0000 0000 0000 and 0000 0000 0001. 


Next, perform a Gain Adjust at positive full scale. Again, the 
ideal input corresponding to the last code change is 


applied. This is 1%LSB’s below the nominal full scale 
(+9.9963V for 10V range; +19.9927V for 20V range). 
Adjust the Gain potentiometer R2 for flicker between codes 
TEI Lt ro ana Terie sate ait. 


Bipolar Connections and Calibration 


Refer to Figure 8. The gain and offset errors listed under 
Specifications may be adjusted to zero using poten- 
tiometers R1 and R2™. If this isn’t required, either or both 
pots may be replaced by a 5022, 1% metal film resistor. 


Connect the Analog signal to pin 13 for a +5V range, or to 
pin 14 for a +10V range. Calibration of offset and gain is 
similar to that for the unipolar ranges as discussed above. 
First apply a DC input voltage ¥%LSB above negative full 
scale (i.e., -4.9988V for the +5V range, or -9.9976V for the 
+10V range). Adjust the offset potentiometer R11 for flicker 
between output codes 0000 0000 0000 and 0000 0000 
0001. Next, apply a DC input voltage 1/2LSB’s below posi- 
tive full scale (+4.9963V for +5V range; +9.9927V for 
+10V range). Adjust the Gain potentiometer R2 for flicker 
between codes 1111 11111110 and 1111 1111 1111. 


*The 1002 potentiometer R2 provides Gain Adjust for the 
10V and 20V ranges. In some applications, a full scale of 
10.24V (LSB equals 2.5mV) or 20.48V (LSB equals 5.0mV) 
is more convenient. For these, replace R2 by a 5022, 1% 
metal film resistor. Then, to provide Gain Adjust for the 
10.24V range, add a 2002 potentiometer in series with pin 
13. For the 20.48V range, add a 5002] potentiometer in 
series with pin 14. 


Pin Numbers Refer To Sidebraze DIP Package. 


HI-674A/883 


28 
HIGH BITS 
24-27 
MIDDLE BITS 
20-23 


LOW BITS 
16-19 


REF IN 


REF OUT 


BIP OFF +5V 1 


10ViIN +15V 7 


20ViN -15V 11 


ANACOM ODIGCOM 15 


FIGURE 7. UNIPOLAR CONNECTIONS 


H1-674A/883 


STS. 28 


HIGH BITS 
24-27 


MIDDLE BITS 
20-23 


LOW BITS F 
16-19 


REF IN 
REF OUT 


BIP OFF 


+5V 1 


10VIN +15V 7 
ANALOG 


INPUTS 6 


-15V 11 


20ViN 


ANA COM 


DIGCOM 15 


FIGURE 8. BIPOLAR INPUT CONNECTIONS 
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Controlling the HI-674A 


The HI-674A includes logic for direct interface to most mic- 
roprocessor systems. The processor may take full control of 
each conversion, or the converter may operate in the 
“stand-alone” mode, controlled only by the R/C input. Full 
control consists of selecting an 8 or 12-bit conversion cycle, 
initiating the conversion, and reading the output data 


INPUT 
BUFFERS 


“> 


UE 


ede 


a> 
=} 
= 


Ag LATCH 


READ CONTROL 


when ready — choosing either 12-bits at once or 8 followed 
by 4, in a left-justified format. The five control inputs are all 
TTL/CMOS- compatible: (12/8, CS, Ag, R/C and CE). Chart B 
illustrates the use of these inputs in controlling the conver- 
ter's operations. Also, a simplified diagram of the internal 
control logic is shown in Figure 9. 


NIBBLE B ZERO 
OVERRIDE 


[aire = 


Lape ° STATUS 


CURRENT STROBE 
CONTROLLED 
OSCILLATOR CLOCK 


POWER UP 


FIGURE 9. HI-674A CONTROL LOGIC 
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H!I-674A Timing Specifications +25°C Unless Otherwise Specified 


SYMBOL PARAMETER | MIN | TYP | MAX | UNITS 


CONVERT MODE 


tpSc STS Delay from CE — 100 200 ns 
tHEC CE Pulse Width 50 30 ns 
tssc CS to CE Setup 50 — = ns 
tHSC CS Low During CE High 50 20 — ns 
tSRC R/C to CE Setup 50 _ — ns 
tHRC R/C Low During CE High 50 20 a ns 
iGAC Ao to CE Setup 0 6) — ns 
tHAC Ao Valid During CE High 50 20 — ns 
tc Conversion Time, 12-bit Cycle Tmin to Tmax 9 12 1 lus 
8-bit Cycle Tmin to Tmax 6 8 10 us 
READ MODE 
toD Access Time from CE 75 150 ns 
tHD Data Valid after CE low z 35 en ns 
tHL Output Float Delay 100 150 ns 
tSSR CS to CE Setup 0) —_ ns 
tSRR R/C to CE Setup 0 _ ns 
tSAR Ago to CE Setup 25 — ns 
tHSR CS Valid after CE Low 0 ~ ns 
tHRR R/C High after CE Low 0 — ns 
tHAR Ao Valid after CE Low 25 — ns r3 
tHS STS Delay after Data Valid 300 850 ns Den 
. 4 SSS SS SSS OSSIAN : ae ee a aR omer necetenecnoemamninrveae reel WG 
NOTE: Time is measured from 50% level of digital transitions, tested with a 50pF and 3kQ. load. All possible combinations for setup times not 3 ra 
listed, see Figure 9. Oo 
to 
< 
Q 


ADDRESS BUS 


12/8 DB11(MSB) 


DATA 
BUS 


n1G. COM. 


Pin Numbers Refer To Sidebraze DIP Package. 


FIGURE 10. INTERFACE TO AN 8-BIT DATA BUS 
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H1!-674A Capacitance Specifications 


Logic Output Capacitance 


iG HARRIS 


January 1989 


Features 


@ This Circuit is Processed in Accordance to Mil-Std- 
883 and is Fully Conformant Under the Provisions of 
Paragraph 1.2.1. 


Complete 12-Bit A/D Converter with Reference and 
Clock 


Full 8-, 12-, or 16-Bit Microprocessor Bus Interface 
250ns Bus Access Time (Max. Over Temp.) 

No Missing Codes Over Temperature 

Minimal Setup Time For Control Signals 


11u4Maximum Conversion Time 


Low Noise, Via Current-Mode Signal Transmission 

Between Chips 

Byte Enable/Short Cycle (Ag Input) 

> Guarantees Break-Before-Make Action, Eliminating 

Bus Contention During Read Operation. Latched 

by the Start Convert lnput (To Set the Conversion 
Length) 

+12V to +15V Operation 

0 to +10V Unipolar and +/—5V Bipolar input ranges 


Applications 

@ Military and Industrial Data Acquisition Systems 
@ Electronic Test And Scientific Instrumentation 

@ Process Control Systems 


Pinouts 


HI1-774/883 (SIDEBRAZED DIP) 
TOP VIEW 


+ 5V SUPPLY Vi ggic [7] 
DATA MODE SEL 12/8 | 2] 


CHIP SEL, CS 


BYTE ADDR/SHORT 
CYCLE, Ag 


READ/CONVERT, R/C | 5] 


128] STATUS, STS 
DB11, MSB 


DIGITAL 


CHIP ENABLE, CE | 6 | 
+ 15V SUPPLY, Voc 


+ 10V REF, REF OUT 8 | 


ANALOG 
COMMON, AC 


REF INPUT, REF IN 
- 15V SUPPLY, VEE [17] 


OUTPUTS 


BIPOLAR OFFSET 
BIP OFF 
10V INPUT 


20V INPUT [14] 115] DIG COMMON, DC 


HI-774/883 


Fast, Complete 12-Bit A/D Converter 


With Microprocessor Interface 


Description 

The HI-774/883 is a complete 12-bit Analog-to-Digital 
Converter, including a +10V reference, clock, three-state 
outputs and a digital interface for microprocessor control. 
Successive approximation conversion is performed by two 
monolithic dice housed in a single package. The bipolar 
analog die features the Harris Dielectric Isolation process, 
which provides enhanced AC performance and freedom 
from latch-up. 


Custom design of each IC (bipolar analog and CMOS digital) 
has yielded improved performance over existing versions of 
this converter. The voltage comparator features high PSRR 
plus a high speed current-mode latch, and provides precise 
decisions down to 0.1 LSB of input overdrive. More than 2X 
reduction in noise has been achieved by using current 
instead of voltage for transmission of all signals between the 
analog and digital ICs. Also, the clock oscillator is current- 
controlled for excellent stability over temperature. The 
oscillator is trimmed for a nominal conversion time of 
Qs. 

The HI-774/883 offers standard unipolar and bipolar input 
ranges, laser trimmed for specified linearity, gain and offset 
accuracy. The buried zener reference circuit is trimmed for 
minimum temperature coefficient. 


Power requirements are +5V and +1 2V to £1 5V, with typi- 
cal dissipation of 385mW at +1 2V. Two electrical grades are 
offered over the -55°C to +125°C temperature range. Both 
models are available in a 28 pin Sidebrazed DIP, or a 44 pad 
Ceramic LCC package. 


H14-774/883 (CERAMIC LCC) 
TOP VIEW 


«| CHIP SELECT, CS 
= DATA MODE 


-4 SELECT, 12/8 


+ 5V SUPPLY, VLOGI 


SHORT CYCLE, Ag 
=] STATUS, STS 


-4 BYTE ADDRESS / 


! 
te 


READ CONVERT, R/C [91 
CHIP ENABLE, CE [i0i 

+ 15V SUPPLY, Vcc fii} 

+ 10V REFERENCE, F 55 
REF OuT {2 

ANALOG COMMON, AC [i3i 
REFERENCE INPUT, 3} 
REF IN bs 


- 15V SUPPLY, Vee [15! 


BIPOLAR OFFSET, 7 
BIP OFF &=s 


DIG COMMON, Fis 
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Functional Diagram 
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Specifications HI-774/883 


Absolute Maximum Ratings Thermal Information 
VEC 1 DIGUal GIONS ilies 6 S60 6 COR Seb ad be 8 O to +16.5V Thermal Resistance, Junction-to-Case (9;.) 
NEE to Digial GeOUne srs en me eee oa nee O to -16.5V Ssidébrazed DIP Package... ee ee ees 18°C/W 
VLoGiIc to Digital Ground ............. 00000. Oto 7V Ceranvic ECC*Package . vn. sine ene uke ass don noes 16°C/W 
Analog Common to Digital Common................... ms Thermal Resistance, Junction-to-Ambient (84) 
Control Inputs (CE, CS, AO, 12/8, R/C) to Sidebrazed DIP Package...............0.0000e 77°C/W 
Digital Common: .. 4 2. ee. -0.5V to VigGcic +0.5V Ceramie’ Peeeracksage... «ska 40% 0 od 1 BS 71°C/W 
Analog Inputs (REF IN, BIP OFF, 10Vj,y) to Power Dissipation (at +75°C) 
PUOBIOR COMO iii 5 cccicaSed ava! acanage aie antler ond Mande +16.5V Sidebrazed DiP-Package........ 06sec cee dee some 1.29W 
20 Vinto Analeg. Common. «cai oss soe Pid ou rep +24V Ceramic LCG RackadGiniss cca a in aevn cee e ee vas 1.41W 
Mer OUT. < cae vsekecternnresheeus Indefinite Short to Common Power Dissipation Derating Factor (Above +75°C) 
10ms Short to Vcc Sidebrazed DIP Package................... 12.9mW/°C 
Storage Temperature Range............... -65°C to +150°C Ceramic LCC Package..................4.. 14.2mW/°C 
Lead Temperature (Soldering 10 Seconds) ............ 275°C 
Junction Temperature...........0 0.000. e cece aee +175°C 


Recommended Operating Conditions 


Operating Temperature Range................ -55°C +125°C Analog Input Voltage, 10Vin ............- +5V or 0 to +10V 
TSUPPLY stn, allna Vode) a¥dn iniee ede veka res’ Sanur +15V Analog Input Voltage 20Vjy.........-.-. . Not Guaranteed* 
SI fo bis cace vcs ca ngnn maori moebaeaedbittensca uns-coma eager -15V Logic Level LOW ties miintivnns tekedun ees OV to 0.8V 
VEQGIC 3 2) 6-4 oR oan onR ected bee odo sn cb Gann eau +5V Logic Level High (Vjp)............00 ce eee e eee 2.0V to +5V 
MRE sees is ey nd Pewee teen de rets eer: +10V 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 
Devices Tested At Vcc = +15V, Veg = -15V, VLQg = 5.0V, 10V Input Range Only, Unless Otherwise Specified. 


(Figure 1,2 & Note 1, Chart A LIMITS 


(Note 1) Apply Unless Otherwise Noted) GROUPA HI-774S HI-774T 


DC PARAMETER CONDITIONS SUBGROUPS TEMP 
Current From OOOO00000000 and 
Current From OOOOO00000000 and 
os Same [ay we cme Pe [t= bo 
Current From OOOOO00000000 and 


Power Calculated Worst Case | 25°C. | C 


Dissipation of 2 Conditions (Note 3) 


Input Low Viog = 5.5V a C 


Current Vin(LOGIC) = 0.0V 


Current Vin(LOGIC) = 2.0V 


State Output VIN = 11.0V Min 
Current Output Code = 111111111111 +125°C, -55°C 
Set R/C = Logic “0” 
Output Bits 1 thru 12 
Measured Separately 
Vo = 0.0V all Bits (Note 2) 


DATA CONVERSION 
PRODUCTS 


* The 20V Input Range (Pin 14 DIP pkg, pin 19 LCC pkg) is functional but performance is not guaranteed for the HI-7 74/883. Tables 1,2,3 
are guaranteed for only the OV to +10V and +/—5V ranges (Pin 13 DIP, 18 LCC). The 20V input (pin 14 or 19) should be left open. The 20V 
input is tied to the 10V input through 5K Ohms and will effect circuit operation if connected to any potential. 
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TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


Devices Tested At Vcc = +15V, Veg = -15V, VLOG = 5.0V, 10V Input Range Only, Unless Otherwise Specified. 


(Fig. 1,2 & Note 1 Apply LIMITS 


(Note 1) Unless Otherwise Noted.) GROUP A HI-774S H1I-774T 


DC PARAMETER SYMBOL CONDITIONS SUBGROUPS TEMP [MIN | MAX | MIN [/ MAX, | UNITS | UNITS 


hs Sa 


E a TT 


High Impedance 
State Output 
Current 


VioG > 5.5V 
Vin = -1.0V Max 

Output Code = 
000000000000 

Set R/C = Logic “0” 
Output Bits 1 thru 12 
Measured Separately 

Vo = 5.5V All Bits (Note 2) 


Output Logic VoL VLOG = 5.0V 
Voltage Levels Output Code = Peasy ca a oa 
000000000000 +125°C, -55°C 
Measure Output 
Bits 1 thru 12 & STS 
l_ = 1.6mA (Note 2) 
VOH VLoG = 4.5 | 42ere = | 2ar] ies | 264] 5s, | 


Output Code = 
i al Fl Fd 0 at PS a 
Measure Bits 1 thru 12 
Il, = -0.5mA (Note 2) 


= ees aiceill 


Reference 
Voltage 


Output Code = 
000000000000 
Bipolar, VFSR = 20V 

lL = 2.0mA (Notes 2, 4) 


Power Supply 
Sensitivity 
To Vcc 


13.5V < Vcc < 16.5V 
Output Transition = 
11111111111X- 
OO000000000X 

(Note 5) 


11.4V S Vcc XS 12.6V 
Output Transition = 
LALA AEX 
OOO000000000X 

(Note 5) 


4.5V < Viog < 5.5V 
Output Transition = 
TUTE TET 11X- 
OOO000000000X 
(Note 5) 


Power Supply 
Sensitivity 
To VLOG 


Power Supply 
Sensitivity 
To Veg 


-16.5 S Veg S -13.5V 
Output Transition = 

4S al SL By 
OOO000000000X 


+125°C, -55°C 
(Note 5) 
-12.6V < Veg < -11.4V +25°C 
Output Transition = 
11111111111X- 
OO000000000X 
(Note 5) 


Output Transition = pict PARP ube eauatie 2 | se] 2 | ee 


OOO000000000X 
noe ae eect eo to Pa 
eee 


+125°C, -55°C -14 LSB 


Unipolar 
Offset 
Voltage 


Bipolar BZ 
Zero 


Output Transition = 
XXXK KKK KKK KK 

Bipolar, VFSR = 20V 
(Note 5) 
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TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


Devices Tested At Vcc = +15V, Veg = -15V, VLOG = 5.0V, 10V Input Range Only, Unless Otherwise Specified. 


(Figure 1,2 & Note 1, 
(Note 1) Apply Unless Otherwise Noted) GROUP A HI-774S HI-774T 
BSS: ashes PARAMETER incidizeatideh CONDITIONS SUBGROUPS 


Eanes hoot | Error Output Transition = 
OOOOD0000000X 
to 11111111111X 
(Note 5) 


Bipolar, VFSR = 20V 


1 : -0.3 0.3 -0.3 0.3 % of 
(Note 5) 
Integral Linearity Abbreviated Test +25°C Tee a a a 


Error (Note 5) 
Differential Linearity Abbreviated Test +25°C pase pepe pepper 


Error (Note 5) 


Input Resistance 10V Span Input Pa ee C 


(Note 11) 
Sar re ee 
(Note 11) 
Tas rowel « [oe Po [oe 


Unipolar Offset Output Transition = +125°C, -55°C 
Voltage Drift OOO000000000X 
(Note 5) 


Bipolar Zero Drift Output Transition = +125°C, -55°C 
»0.0,0.0,0.0.0.0.0.0.0.4 
Bipolar, VFSR = 20V 
(Note 5) 


Gain Error Drift Output Transition = +125°C, -55°C 
OOOO0000000X to 
11111111111X 
(Note 5) 


DATA CONVERSION 
PRODUCTS 


Bipolar, VFSR = 20V ; +125°C, -55°C 
(Note 5) 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


Devices Tested At Vcc = +15V, Veg = -15V, VLog = 5.0V, 10V Input Range Only, Unless Otherwise Specified. 


(Figure 1,2 & Note 1 Apply 
(Note 1) Unless Otherwise Noted) 
AC PARAMETER SYMBOL CONDITIONS 


GROUP A 
SUBGROUPS 


Conversion 
Time 


VIN = -1V Max 
Output Code = 
OOOO00000000 

8 Bit Cycle (Note 5) 


Sao See ae 
PS <a c 


TABLE 3.ELECTRICAL PERFORMANCE CHARACTERISTICS 


Vin = 11V Max 
Output Code = 
i i sD i i 
12 Bit Cycle (Note 5) 


Devices Characterized AtVcc = + 15V, Veg = -15V, VLOG = 5.0V, 10V Input Range Only, Unless Otherwise Specified. Load is 3kQ, 50pF 
where applicable. Figure 3, 4,5, & 6 applies Uniess Otherwise Noted. 


ane Sosa C 


ne: a oo 


‘ : ‘ 7 ee ee 


eee vate 


. : Filial 


: ; = = aaa 


nee Beep 


: : ‘ a aes 


oe: cae 


STS Delay From R/C Low to High Transition 
Referenced to High to 
Low R/C Transition. 
Output Code = 
000000000000 


Low R/C Pulse Width Minimum R/C Pulse Width 
Required to Start a 
Conversion 


Data Valid After 
R/C Low 


Output Data Valid, 
Referenced to High to 
Low R/C Transition 
Output Code = 
OOO0000000000 & 
TTT TAT 14 


STS Delay After 
Data Valid 


STS High to Low 
Transition Referenced 
to Valid Output Data 
Output Code = 
OOO0O000000000 & 
1:44,11111-4411 


Minimum R/C Pulse Width 
Required to Enable 
Output Bits 

Output Code = 
OO0000000000 & 
111111111111 


High R/C 
Pulse Width 


Data Access Time 


Output Data Valid, 
Referenced to Low to 
High R/C Transition 
Output Code = 
OO0000000000 & 
VAT AAT 


STS Delay From CE 


Low to High Transition, 
Referenced to Low to 
High CE Transition 

Output Code = 
OOOO000000000 


+125°C, -55°C 
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TABLE 3.ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


Devices Characterized At Vcc = +15V, Veg = -15V, VLOG = 5.0V, 10V Input Range Only, Unless Otherwise Specified. Load is 3kN, 50pF 
where applicable. Figure 3, 4, 5, & 6 applies Unless Otherwise Noted. 


HI-774S/883 
HI-774T/883 
RO a | PE aid a NOTES cn TEMP temp | mn | max | units | UNITS 


CS to CE Setup tss¢ 


R/C To tsRc 
CE Set-Up 

R/C Low tuRC 
During CE 

High 


Ag To tSAC 
CE Set-Up 


Ao Valid 
During CE 
High 


Minimum CE Pulse Width 
Required to Start a 
Conversion 


Minimum Time Required 
From a High to Low CS 
Transition to Low to 
High CE Transition for 

a Conversion to Start 
from CE 


Minimum Time Required 
From a Low to High CE 
Transition to Low to 
High CS Transition for 

a Conversion to Start 


Minimum Time Required 
From a High to Low R/C 
Transition to Low to 
High CE Transition for 

a Conversion to Start 
from CE. 


Minimum Time Required 
From a Low to High CE 
Transition to Low to 
High R/C Transition for 
a Conversion to Start 


Minimum Time Required 
From a Low to High or 
High to Low AO 
Transition to Low to 
High CE Transition to 
Initiate an 8-bit or 
12-bit Conversion, 
Respectively. 


DATA CONVERSION 
PRODUCTS 


Minimum Time Required 
From a Low to High CE 
Transition to Low to 
High or High to Low 

to Low Ao Transition 

to Guarantee a 12-bit 

or 8-bit Conversion, 
Respectively. 


1,2,10 


Output Data Valid, 
Referenced to Low to 
High CE Transition 
Output Code = 
000000000000 & 
111111111111 


Access Time 
From CE 


Data Valid 
After CE 
Low 


Output Data Valid, 
Referenced to High to 
Low CE Transition 
Output Code = 
OOO0O000000000 & 
111111111111 


a =r TT 
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TABLE 3.ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


Devices Characterized AtVcc = +15V, Veg = -15V, VLOG = 5.0V, 10V Input Range Only, Unless Otherwise Specified. Load is 3kQ, 50pF 
where applicable. Figure 3, 4,5, & 6 applies Unless Otherwise Noted. 


HI-774S/883 
HI-774T/883 
Laelia te SE SYMBOL pts ee ee a ae Liter! Somin | max | UNITS 
CREAR: SORE Se Re 
ns 


Gi ae ao i Se Delay to HI-Z, i: caucus 10 Rees ar G 
Float Referenced to High to 
Delay Low CE Transition 


+125-C, -6b0C 


Output Code = 
OOOO00000000 & 
VETTE 1 


CS To tssp Minimum Time from jae SFE 25°C 
CE Setup CS High to Low 

Transition to CE Low 

to High Transition to 

Guarantee Data Valid 

is Controlled by CE. 

Output Code = 

OOOOOO000000 & 

vis eta Psi 


R/C to tspR Minimum Time from R/C 1, 2,10 
CE Set-Up Low to High Transition 
o CE Low to High 

Transition to Guarantee 

Data Valid is 

Controlled by CE. 

Output Code = OOOOO0O0000000 

Sra aA a7 
Ag To tsar Minimum Time From Ap 1,110 
CE Set-Up High to Low or Low to 


High Transition to CE 
Low to High Transition 
to guarantee the correct 
byte gets enabled. 


CS Valid 
After CE 
Low 


Minimum Time from CE 
High to Low Transition 
to CS Low to High 

Transition to Guarantee 
High Impedance State is 
Controlled by CE. 


: 3 coe 
: i cai 
: F i 


R/C High Minimum Time from CE 
After CE High to Low Transition 
Low to R/C High to Low 
Transition to Guarantee 
Device Will Disable 
Before Another 
Conversion is Initiated. 


Minimum Time From CE 
High to Low Transition 
to Ag High to Low 

or Low to High Transition 
to Guarantee Enabled 
Byte Does Not Change 
Until Device Is Disabled 


Ag Valid 
After CE 


Low 
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TABLE 4. ELECTRICAL TEST REQUIREMENTS 


MIL-STD-883 TEST REQUIREMENTS SUBGROUPS (SEE TABLES 1 & 2) 


Ne RAS SS PEER ED DT RE EI 2 iE AE AE ES EE SELES ILO 


Interim Electrical Parameters (Pre Burn-in) aes ie Se 
: 


*PDA applies to Subgroup 1 only. No other subgroups are included in PDA. 


NOTES: 


ie 
2. 


3. 


o 


See definitions. 

A output code of 0000 0000 0000 is guaranteed by an input voltage Vipy = -1V and an output code of 1111 1111 1111 is guaranteed by an input 
voltage Viyy = 11V. 

Pa= (Vcc * icc + Veg * lee + VioGic * !LoGic) Power dissipation shall be calculated using the two output code conditions 0000 0000 0000 
and 1111 1111 1111. 


. The reference voltage external load current shall be constant direct current and shall not exceed 2mA. 
. X represents the transition point between two adjacent code-words 


(ie: OOOO OOOO OOOX represents the transition between code-words 0000 0000 0000 and 0000 0000 0001, 
XXXX XXXX XXXX represents the transition between code-words 
0111 1111 1111 and 1000 0000 0000 and 
11111111 111X represents the transition between code-words 
11111111 1110 and 1111 1111 1111). 

7 Implies a falling edge transition from 2.0V to 0.8V, after remaining input pins are set. 

vf implies a falling edge transition from 2.0V to 0.8V, after remaining input pins are set, then, after a minimum of 200ns, a rising edge 

transition to 2.0V. 
4 Implies a rising edge transition from 0.8V to 2.0V after remaining input pins are set. 


. R/C zi. implies a falling edge from 2.0V to a TTL Low, approximately 0.0V. 
. The parameters listed in this table are controlled via design or process parameters and are not directly tested. These parameters are charac terized 


upon initial design release and upon design changes which would affect these characteristics. 


. Aconversion must be performed at the inputted voltage prior to Ri10V and Ri2O0V measurements. 
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Test Circuit and Test Conditions 


A/D SERVO LOOP 


TRIGGER 
CKT 


COUNTER 


STATUS 28 


vii 
FORCE 


DB1i, MSB 27 vA 


FORCE 


DIGITAL 
DRIVERS 


4° ¢S DB10 26 


DIGITAL 
DRIVERS 


4 BB9 25 


MEASURE- 
esiate OB8 24 MEASURE- 
SYSTEM tae 

+5V VL DB? 23 avert 


+15V Voc DBE 22 


-15V VEE DB5 21 


REF. IN 


DB4 20 


REF. OUT 


DB3 19 


BIPOLAR IN DB2 18 


10V SPAN INPUT OBi 17 


20V SPAN INPUT DBO.LSB 16 


9 ANA. COM. DIG. COM. 15 


SERVO LOOP 


NOTES: 

1. The connections of the V/I force, digital drivers, and measurement 
system are software controlled. 

2. DCi — DCi2 are input bits of the digital comparator in the A/D 
servo loop. 

3. SLR = > super linear reference. 

4. The 20V Anaiog input is used in some tests, where applicabie. to 
facilitate automatic test. 


FIGURE 1. TEST CIRCUIT 
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Test Circuit and Test Conditions (Continued) 


CALCULATE APPROXIMATE VALUE OF 
TRANSITION N, V = VALUE 


SET SLR TO CALCULATED VALUE V 


SET DIGITAL COMPARATOR TO N. 
SET EFFECTIVE DITHER RAMP RATE TO 20uV/ys 
ENABLE ADC SERVO LOOP LOGIC 


RESET AND START TIMER 


PERFORM A CONVERSION. 
IS ADC OUTPUT>=N 


? 


RAMP 
DITHER 
UP 


MORE THAN 2.6ms SINCE LAST TIME 
ADC OUTPUT =N 
? 


1S ELAPSED TIME >3ms 
? 


IS EFFECTIVE DITHER 
RAMP RATE = 20:V/us ? 
? 


SET EFFECTIVE DITHER 
RAMP RATE = 2u.V/us 
MEASURE AT 


“MEASURE HI” = 
TRANSITION N VOLTAGE 


GENERATE 
MISSING CODE 
ALARM 


NO 


DATA CONVERSION 
PRODUCTS 


NOTES: 


1. SLR = Super Linear Reference. 


2. See Figure 1 for Test Circuit. 


FIGURE 2. TEST FLOW FOR ANALOG TO DIGITAL SERVO LOOP 
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Switching Waveform Information 


Conversion Length 


A Convert Start transition (see Chart B) latches the state of 
Ag, which determines whether the conversion continues for 
12-bits (Ag low) or stops with 8-bits (Ag high). If all 12-bits 
are read following an 8-bit conversion, the three LSBs will 
read zero and DB3 will read ONE. Ag is latched because it is 
also involved in enabling the output buffers (see Reading 
the Output Data’). No other control inputs are latched. 


CHART B. TRUTH TABLE FOR HI-774/883 
CONTROL INPUTS 


ree [es [we [2] Ao | __oneRaTiOn 
SE) ST) CE Ee DER 


0 xX | X Xx x None 
Xx 1 X Xx Xx None 
¥F; 0) 0 x 6) Initiate 12-bit conversion 
F}°O 10 | x 1 Initiate 8-bit conversion 
TP &)'-6 Xx ) Initiate 12-bit conversion 
1 | ts O44 Xa 4 Initiate 8-bit conversion 
1 Oo; ¢ xX 0) Initiate 12-bit conversion 
1 1 -O 4 Ce 1 EX 1 Initiate 8-bit conversion 
1 0) 1 1 Xx Enable 12-bit Output 
1 6) 1 0) 0) Enable 8 MSB’s Only 
1 0 1 1) 1 Enable 4 LSB's Plus 4 


Trailing Zeroes 


Conversion Start 


A conversion may be initiated as shown in Chart B by a logic 
transition on any of three inputs: CE, CS or R/C. The last of 
the three to reach the correct state starts the conversion, so 
one, two or all three may be dynamically controlled. The 
nominal delay from each is the same, and if necessary, all 
three may change state simultaneously. See the Timing 
Specifications, Convert mode. 


The variety of control modes allows a simple interface in 


most system applications. The Convert Start timing rela- 
tionships are illustrated in Figure 5. 


The output signal STS indicates status of the converter by 
going high only while a conversion is in progress. While 


STS is high, the output buffers remain in a high impedance 
state and data cannot be read. Also, an additional Start Con- 
vert will not reset the converter or reinitiate a conversion 
while STS is high. (However, if Ag changes state after a con- 
version begins, an additional Start Convert signal will latch 
the new state of Ao, possibly causing a wrong cycle length 
(8 vs. 12-bits) for that conversion). 


Reading the Output Data 


The output data buffers remain in a high impedance state 
until four conditions are met: R/C high, STS low, CE high and 
CS low. At that time, data lines become active according to 
the state of inputs 12/8 and Ao. Timing constraints are illus- 
tated in Figure 6. 


The 12/8 input will be tied high or low in most applications, 
though it is fully TTL/CMOS compatible. With 12/8 high, all 
12 output lines become active simultaneously, for interface 
to a 12 or 16-bit data bus. The Ag input is ignored. 


With 12/8 low, the output is organized in two 8 bit bytes, 
selected one at atime by Ao. This allows an 8 bit data bus to 
be connected as shown in Figure 10. Ag is usually tied to the 
least significant bit of the address bus, for storing the output 
data in two consecutive memory locations. (With Ao low, 
the 8 MSBs only are enabled. With Ag high, 4 MSBs are dis- 
abled, bits 4 through 7 are forced to zero, and the 4 LSBs are 
enabled). This two byte format is considered left justified 
data”, for which a decimal (or binary!) point is assumed to 
the left of byte 1: 


BYTE 1 BYTE 2 
X XXX XX XX XXXXO0O000 
MSB LSB 


Further, Ag may be toggled at any time without damage to 
the converter. Break-before-make action is guaranteed bet- 
ween the two data bytes, which assures that the outputs 
strapped together in Figure 10 will never be enabled at the 
same time. 


A read operation usually begins after the conversion is com- 
plete and STS is low. For earliest access to the data 
however, the read should begin no later than (tpp + tys) 
before STS goes low. See Figure 6. 


STAND-ALONE MODE TIMING (OVER FULL TEMP. RANGE) 


Low R/C Pulse Width 

STS Delay from R/C 

Data Valid After R/C Low 
STS Delay After Data Valid 
High R/C Pulse Width 
Data Access Time 


SYMBOL PARAMETER 


EES) SEE SR ae ES CG LIST SE, 


Beck as OB 
ae OSE 


350 ns 


15 ns 


300 ns 
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DATA CONVERSION 


PRODUCTS 


H1-774/883 


Switching Waveforms 


tHRL 


STS 


tHDR tHS 


DB11-DB0 DATAVALID DATA VALID 


FIGURE 3. LOW PULSE R/C-OUTPUTS ENABLED AFTER CONVERSION 


HIGH-z HIGH-2Z 
DB11-DBO Ara 


FIGURE 4. HIGH PULSE FOR R/C-OUTPUTS ENABLED WHILE R/C HIGH, OTHERWISE HIGH-Z 


CE 
tHEC 


tSAC 


STS 


HIGH IMPEDANCE 


DB11-DB0 
FIGURE 5. CONVERT START TIMING 
CE 
tHSR 
cs 
tHRR 
R/C 
Ag 
tHAR 


STS 


DB11-DB0 DATA bei) 
i + 


FIGURE 6. READ CYCLE TIMING 
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Burn-In Circuits 


28 PIN SIDEBRAZED DIP 


Ld 
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+5V 
° +5V STS 

DATA MODE 

SELECT 12/8 DB11 


CHIP SELECT CS DB10 


D1 C1 


BYTE ADD/SHORT 
CYCLE Ag 


READ/CONVERT R/C 


CHIP ENABLE CE 
+15V 

D2 C2 +10V REF OUT 
ANALOG GND 
REF IN 


-15V 


[—} 
oO 


BIPOLAR OFF 
10V SPAN DBa 


— NC 20V SPAN DIGITAL GND 


NOTES: 

R1 thru R13 = 10kN 

C1 thru C3 = 0.01F minimum (per socket) or 0.1 KF (per row) 
D1 thru D3 = IN4002 

Vin = Triangle Wave Form, +5V to -5V. 1kHz 

fo = square waveform, 10kHz, 90% Duty Cycle, OV to 5V 
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NOTES: 

R1 thru R13 = 10kN 

C1 thru C3 = 0.01uF minimum (per socket) or 0.1 MF (per row) 
D1 thru D3 = IN4002 

Vin = Triangle Wave Form, +5V to -5V. 1kHz 

fo = square waveform, 10kHz, 90% Duty Cycle, OV to 5V 


VINO = 


6-131 


Die Characteristics 


DIE DIMENSIONS: 
ANALOG DIE: 204 x 104 mils 
DIGITAL DIE: 190 x 94 mils 
METALLIZATION: 
ANALOG DIE: Type: Al 
Thickness: 16kA + 2kA 
DIGITAL DIE: Type: SiAl 
Thickness: 16kA + 2kA 


WORST CASE CURRENT DENSITY: 
ANALOG DIE: 1.71 x 10° A/em2 
DIGITAL DIE: 1.78 x 10° A/em2 


Metallization Mask Layout 


HI-774/883 ANALOG DIE 
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DAC BIT 11(MSB) 
DAC BIT 10 
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TRANSISTOR COUNT ANALOG DIE: 317 
DIGITAL DIE: 1800 
PROCESS: ANALOG DIE: Bipolar-DI 
DIGITAL DIE: CMOS-JI 
DIE ATTACH: Material: Gold/Silicon Eutectic Alloy 
Temperature: 420°C Max 
GLASSIVATION: 
ANALOG DIE: Type: Silox 
Thickness: 14kA + 2kA 
DIGITAL DIE: Type: Silox 
Thickness: 8kA + 2kA 


HI-774/883 DIGITAL DIE 


DIG. 
COMMON 


HI-774/883 


Packaging‘ 
28 PIN CERAMIC DIP 


1.585 587 
225 | 005 MI 1.415 | -080 | .603 | 
MAX } = ve 110 


_.008 
.015 
150 too 040 J £125 598 
MIN 040 BSC. .060 .180 612 
oe ne 
LEAD MATERIAL: Type B INTERNAL LEAD WIRE: 
LEAD FINISH: Type C Material: Aluminum 
PACKAGE MATERIAL: Multilayer Ceramic, 90% Alumina Diameter: 1.25 Mil 
PACKAGE SEAL: Bonding Method: Ultrasonic 
Material: Gold/Tin (80/20) COMPLIANT OUTLINE: 38510 D-10 


Temperature: 320°C + 10°C 
Method: Furnace Seal 


44 PAD CERAMIC LCC 


003 075 
z 
fe) 

77) 

oe 2 

WW cy 

25 

=O 
(e) 
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Og 

.006 = * 
022 a 


PAD MATERIAL: Type C INTERNAL LEAD WIRE: 

PAD FINISH: Type A Material: Aluminum 

FINISH DIMENSION: Type A Diameter: 1.25 Mil 

PACKAGE MATERIAL: Multilayer Ceramic, 90% Alumina Bonding Method: Ultrasonic 
PACKAGE SEAL: COMPLIANT OUTLINE: 38510 C-5 


Material: Gold/Tin (80/20) 
Temperature: 320°C + 10°C 
Method: Furnace Braze 
Min 
Max 


+ Mil-M-38510 Compliant Materials, Finishes, and Dimensions. 


NOTE: All Dimensions are , Dimensions are in inches. 
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DESIGN INFORMATION 


Definitions of Specifications 
Linearity Error 


Linearity error refers to the deviation of each individual code 
from a line drawn from “zero” through “full scale’. The point 
used as “zero” occurs Y%LSB (1.22mV for 10 volt span) 
before the first code transition (all zeros to only the LSB 
“on"). “Full scale” is defined as a level 1%LSB beyond the 
last code transition (to all ones). The deviation of a code 
from the true straight line is measured from the middle of 
each particular code. 


The HI-774T grade is guaranteed for maximum nonlinearity 
of +¥%LSB. This means that an analog value which falls 
exactly in the center of a given code width will result in the 
correct digital output code. Values nearer the upper or lower 
transition of the code width may produce the next upper or 
lower digital output code. The HI-774S grade is guaranteed 
to +1LSB max error. An analog value which falls within a 
given code width will result in either the correct code for 
that region or either adjacent one. 


Note that the linearity error is not user-adjustable. 


Differential Linearity Error (No Missing Codes) 
Aspecification which guarantees no missing codes requires 
that every combination appear in a monotonic increasing 
sequence as the analog input level is increased. Thus every 
code must have a finite width. The HI-774T grade, guaran- 
tees no missing codes to 12-bit resolution, all 4096 codes 
must be present over the entire operating temperature 
ranges. The HI-774S grade guarantees no missing codes to 
11-bit resolution over temperature; this means that all code 
combinations of the upper 11-bits must be present; in prac- 
tice very few of the 12-bit codes are missing. 


Unipolar Offset 

The first transition should occur at a level %LSB above 
analog common. Unipolar offset is defined as the deviation 
of the actual transition from that point. This offset can be 
adjusted as discussed on the following pages. The unipolar 
offset temperature coefficient specifies the maximum 
change of the transition point over temperature, with or 
without external adjustment. 


Bipolar Offset 


Similarly, in the bipolar mode, the major carry transition 
(0111 1111 1111 to 1000 0000 0000) should occur for an 
analog value ’%LSB below analog common. The bipolar 
offset error and temperature coefficient specify the initial 
deviation and maximum change in the error over temperature. 
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The information contained in this section has been developed through characterization by Harris Semiconductor and is for 
use as application and design data only. No guarantee is implied. 


Hi-774 


Fast, Complete 12-Bit A/D Converter 
With Microprocessor Interface 


Full Scale Calibration Error 


The last transition (from 1111 1111 1110 to 1111 1111 
1111) should occur for an analog value 1%LSB below the 
nominal full scale (9.9963 volts for 10.000 volts full scale). 
The full scale calibration error is the deviation of the actual 
level at the last transition from the ideal level. This error, 
which is typically 0.05 to 0.1% of full scale, can be trimmed 
out as shown in Figures 7 and 8. The full scale calibration 
error over temperature is given with and without the initial 
error trimmed out. The temperature coefficients for each 
grade indicate the maximum change in the full scale gain 
from the initial value using the internal 10 volt reference. 


Temperature Coefficients 


The temperature coefficients for full-scale calibration, 
unipolar offset, and bipolar offset specify the maximum | 
change from the initial (25°C) value to the value at Tmin 


or Tmax. 


Power Supply Rejection 


The standard specifications for the HI-774 assume use of 
+5.00 and+15.00 or 12.00 volt supplies. The only effect 
of power supply error on the performance of the device will 
be a small change in the full scale calibration. This will result 
in a linear change in all lower order codes. The specifi- 
cations show the maximum change in calibration from the 
initial value with the supplies at the various limits. 


Code Width 


A fundamental quantity for A/D converter specifications is 
the code width. This is defined as the range of analog input 
values for which a given digital output code will occur. The 
nominal value of a code width is equivalent to 1 Least 
Significant Bit (LSB) of the full scale range or 2.44mV out of 
10 volts for a 12-bit ADC. 


Quantization Uncertainty 


Analog-to-digital converters exhibit an inherent quantiza- 
tion uncertainty of +Y%LSB. This uncertainty is a fundamen- 
tal characteristic of the quantization process and cannot be 
reduced for a converter of given resolution. 


Left-Justified Data 


The data format used in the HI-774 is left-justified. This 
means that the data represents the analog input as a frac- 
tion of full-scale, ranging from O to 2 . This implies a 


4096 
binary point to the left of the MSB. 
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DESIGN INFORMATION (Continued) 


The information contained in this section has been developed through characterization by Harris Semiconductor and is for 
use as application and design data only. No guarantee is implied. 


Applying the HI-774* 


For each application of this converter, the ground connec- 
tions, power supply bypassing, analog signal source, digital 
timing and signal routing on the circuit board must be 
optimized to assure maximum performance. These areas are 
reviewed in the following sections, along with basic operat- 
ing modes and calibration requirements. 


PHYSICAL MOUNTING AND LAYOUT 
CONSIDERATIONS 


Layout 

Unwanted, parasitic circuit components, (L, R, and C) can 
make 12-bit accuracy impossible, even with a perfect A/D 
converter. The best policy is to eliminate or minimize these 
parasitics through proper circuit layout, rather than try to 
quantify their effects. 


The recommended construction is a double-sided printed 
circuit board with a ground plane on the component side. 
Other techniques, such as wire-wrapping or point-to-point 
wiring on vectorboard, will have an unpredictable effect 
on accuracy. 


In general, sensitive analog signals should be routed bet- 
ween ground traces and kept well away from digital lines. If 
analog and digital lines must cross, they should do so at 
right angles. 


Power Supplies 


Supply voltages to the HI-774 (+15V, -15V and +5V) 
must be ‘‘quiet” and well regulated. Voltage spikes on these 
lines can affect the converters accuracy, causing several 
LSB’s to flicker when a constant input is applied. Digital 
noise and spikes from a switching power supply are 
especially troublesome. If switching supplies must be used, 
outputs should be carefully filtered to assure “quiet’’ DC 
voltage at the converter terminals. 


Further, a bypass capacitor pair on each supply voltage terminal 
is necessary to counter the effect of variations in supply 
current. Connect one pair from pin 1 to 15 (Vi ggic supply), 
one from pin 7 to 9 (Vcc to Analog Common) and one from 
pin 11 to 9 (Veg to Analog Common). For each capacitor 
pair, a 1OuF tantalum type in parallel with a 0.1 uF ceramic 
type is recommended. 


Ground Connections 


The typical HI-774 ground currents are 5.5mADC into pin 9 
(Analog Common) and 7mADC out of pin 15 (Digital Com- 
mon). These pins should be tied together at the package to 
guarantee specified performance for the converter. In addi- 
tion, a wide PC trace should run directly from pin 9 to 


*Pin numbers correspond to DIP package only. 


(usually) 15V common, and from pin 15 to (usually) the +5V 
Logic Common. If the converter is located some distance 
from the system's ‘single point’’ ground, make only these 
connections to pins 9 and 15: Tie them together at the pac- 
kage, and back to the system ground with a single path. This 
path should have low resistance since it will carry about 
1.5mA of DC current. (Code dependent currents flow in the 
Voc: Vee and Vigcic terminals, but not through the HI-774's 
Analog Common or Digital Common). 


ANALOG SIGNAL SOURCE 


The device driving the HI-774 analog input will see a 
nominal load of 5kQ (10V range). However, the other end of 
these input resistors may change as much as +400mV with 
each bit decision, creating abrupt changes in current at the 
analog input. Thus, the signal source must maintain its out- 


‘put voltage while furnishing these step changes in load 


current. This requires low output impedance and fast set- 
tling by the signal source. 


The output impedance of an op amp, for example, has an 
open loop value which, in a closed loop, is divided by the 
loop gain available at a frequency of interest. The amplifier 
should have acceptable loop gain at 1.3MHz for use with the 
HI-774. To check whether the output properties of a signal 
source are Suitable, monitor the 774's input (pin 13) with an 
oscilloscope while a conversion is in progress. 


lf the application calls for a Sample/Hold to precede the 
converter, it should be noted that not all Sample/Holds are 
compatible with the HI-774 in the manner described above. 
These will require an additional wideband buffer amplifier to 
lower their output impedance. A simpler solution is to use 
the Harris HA-5330 Sample/Hold, which was designed for 
use with the HI-774. 


RANGE CONNECTIONS AND CALIBRATION 
PROCEDURES 


The HI-774 is a “complete” A/D converter, meaning it is 
fully operational with addition of the power supply voltages, 
a Start Convert signal, and a few external components as 
shown in figures 7 and 8. Nothing more is required for 
most applications. 


Whether controlled by a processor or operating in the 
stand-alone mode, the HI-774 offers two standard input 
ranges: OV to +10V, and +5V. The maximum errors for gain 
and offset are listed under Specifications. If required, 
however, these errors may be adjusted to zero as explained 
below. Power supply and ground connections have been 
discussed in an earlier section. 
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DESIGN INFORMATION (Continued) 


The information contained in this section has been developed through characterization by Harris Semiconductor and is for 
use as application and design data only. No guarantee is implied. 


Unipolar Connections and Calibration 


Refer to figure 7. The resistors shown* are for calibration of 
offset and gain. If this is not required, replace R2 with a 
502, 1% metal film resistor and remove the network on pin 
12. Connect pin 12 to pin 9. Then, connect the analog signal 
to pin 13 for the OV to 10V range. 


Calibration consists of adjusting the converters’s most 
negative output to its ideal value (offset adjustment), then, 
adjusting the most positive output to its ideal value (gain 
adjustment). To understand the procedure, note thatin prin- 
ciple, one is setting the output with respect to the midpoint 
of an increment of analog input, as denoted by two adjacent 
code changes. Nominal value of.an increment is one LSB. 
However, this approach is impractical because nothing 
“happens” at a midpoint to indicate that an adjustment is 
complete. Therefore, calibration is performed in terms of the 
observable code changes instead of the midpoint between 
code changes. 


For example, midpoint of the first LSB increment should be 
positioned at the origin, with an output code of all O's. To do 
this, apply an input of +%LSB(+1.22mV forthe 10V range). 
Adjust the Offset potentiometer R1 until the first code tran- 
sition flickers between 0000 0000 0000 and 0000 0000 
0001. 


Next, perform a Gain Adjust at positive full scale. Again, the 
ideal input corresponding to the last code change is 


applied. This is 1%LSB’s below the nominal full scale 

(+9.9963V for 10V range). Adjust the Gain potentiometer 
R2 for flicker between codes 1111 1111 1110 and 1111 
11111111. 


Bipolar Connections and Calibration 


Refer to Figure 8. The gain and offset errors listed under 
Specifications may be adjusted to zero using poten- 
tiometers R1 and R2™. If this isn’t required, either or both 
pots may be replaced by a 502, 1% metal film resistor. 


Connect the Analog signal to pin 13 fora +5V range. Calibra- 
tion of offset and gain is similar to that for the unipolar 
ranges as discussed above. First apply a DC input voltage 
“LSB above negative full scale (i.e., -4.9988V for the +5V 
range). Adjust the offset potentiometer R1 for flicker bet- 
ween output codes 0000 0000 0000 and 0000 0000 0001. 
Next, apply a DC input voltage 1/%LSB’s below positive full 
scale (+4.9963V for +5V range). Adjust the Gain poten- 
tiometer R2 for flicker between codes 111111111110 and 
VIERA IP! LT. 


*The 100 potentiometer R2 provides Gain Adjust. In 
some applications, a full scale of 10.24V (LSB equals 2.5mV) 
is more convenient. For these, replace R2 by a 502, 1% 
metal film resistor. Then, to provide Gain Adjust for the 
10.24V range, add a 2002 potentiometer in series with 
pin 13. 


Pin Numbers Refer To Sidebraze DIP Package. 


HI-774/883 


STS 28 
HIGH BITS 
24-27 
MIDDLE BITS 
20-23 


LOW BITS 
16-19 


REF IN 


REF OUT 


BIP OFF +5V 1 


10ViN +15V 7 


20ViIN -15V 11 


ANA COM 


DIGCOM 15 


FIGURE 7. UNIPOLAR CONNECTIONS 


HI-774/883 


STS 28 


HIGH BITS 
24-27 


MIDDLE BITS 
20-23 


LOW BITS 
16-19 


REF IN 


REF OUT 


BIP OFF 


+5V 4 


10VIN +15V 7 
ANALOG 


INPUT 


20ViN =15V.° 11 


ANACOM ~ ODIGCOM 15 


FIGURE 8. BIPOLAR INPUT CONNECTIONS 
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DESIGN INFORMATION (Continued) 


The information contained in this section has been developed through characterization by Harris Semiconductor and is for 
use as application and design data only. No guarantee is implied. 


Controlling the HI-774 


The HI-774 includes logic for direct interface to most micro- 
processor systems. The processor may take full control of 
each conversion, or the converter may operate in the 
“stand-alone” mode, controlled only by the R/C input. Full 
control consists of selecting an 8 or 12-bit conversion cycle, 
initiating the conversion, and reading the output data 


INPUT 
BUFFERS 


=> 


READ CONTROL 


when ready — choosing either 1 2-bits at once or 8 followed 
by 4, in a left-justified format. The five control inputs are all 
TTL/CMOS- compatible: (12/8, CS, Ag, R/C and CE). Chart B 
illustrates the use of these inputs in controlling the conver- 
ter's operations. Also, a simplified diagram of the internal 
control logic is shown in Figure 9. 


NIBBLE B ZERO 
OVERRIDE 
NIBBLE A, B 


NIBBLE C 


les ° STATUS 


CURRENT STROBE 
CONTROLLED 
OSCILLATOR CLOCK 


POWER UP 
inal ae ; RESET 


FIGURE 9. HI-774 CONTROL LOGIC 
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The information contained in this section has been developed through characterization by Harris Semiconductor and is for 
use as application and design data only. No guarantee is implied. 


H1-774 Timing Specifications +25°C Unless Otherwise Specified 


SYMBOL PARAMETER 


CONVERT MODE 


STS Delay from CE 

CE Pulse Width 

CS to CE Setup 

CS Low During CE High 

R/C to CE Setup 

R/C Low During CE High 

Ao to CE Setup 

Ao Valid During CE High 

Conversion Time, 12-bit Cycle Tmin to Tmax 


8-bit Cycle Tmin to Tmax 


READ MODE 


Access Time from CE 

Data Valid after CE low 
Output Float Delay 

CS to CE Setup 

R/C to CE Setup 

Ao to CE Setup 

CS Valid after CE Low 

R/C High after CE Low 

Ao Valid after CE Low 
STS Delay after Data Valid 


NOTE: Time is measured from 50% level of digital transitions, tested with a 50pF and 3KQ load. All possible combinations for setup 
times not listed, see Figure 9. 


ADDRESS BUS 


STS 
DB11(MSB) 


12/8 


DATA 
BUS 


DBO(LSB) 
DIG. COM. 


Pin Numbers Refer To Sidebraze DIP Package. 


FIGURE 10. INTERFACE TO AN 8-BIT DATA BUS 


6-138 


H1-774 


DESIGN INFORMATION (Continued) 


The information contained in this section has been developed through characterization by Harris Semiconductor and is for 
use as application and design data only. No guarantee is implied. 


HI-774 Capacitance Specifications 
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WHARRIS HC-55564/883 


Continuously Variable 
January 1989 Slope Delta-Modulator (CVSD) 


Features Description 


¢ This Circuit is Processed in Accordance to Mil-Std- The HC-55564 is a half duplex modulator/demodulator 
883 and is Fully Conformant Under the Provisions of CMOS intergrated circuit used to convert voice signals into 


Paragraph 1.2.1. serial NRZ digital data and to reconvert that data into voice. 
° All Digital The conversion is by delta~modulation, using the Continu- 
¢ Requires Few External Parts ously Variable Slope (CVSD) modulation/de-modulation. 
e Low Power Drain 
¢ Time Constants Determined by Clock Frequency; While the signals are compatible with other CVSD circuits, 
No Calibration or Drift Problems: Automatic Offset _ the internal design is unique. The analog loop filters have 
Adjustment been replaced by very low power digital filters which require 
¢ Half Duplex Operation Under Digital Control no external timing components. This approach allows 
e Filter Reset Under Digital Control inclusion of many desirable features which would be 
¢ Automatic Overload Recovery difficult to implement using other approaches. 


e Automatic ‘‘Quiet” Pattern Generation 


— T > . 
° AGC Control Signal Available he fundamental advantages of delta modulation, along 
Applj with its simplicity and serial data format, provide an efficient 

ppications (low data rate/low memory requirements) method for voice 
¢ Voice Transmission Over Data Channels (Modems) digitization. The device may be easily configured with the 


¢ Voice/Data Multiplexing (Pair Gain) HC-5512D PCM/CVSD filter. 

* Voice Encryption/Scrambling 

© Voicemail The HC-55564/883 is usable from 9K bits/sec to above 

¢ Audio Manipulations: Delay Lines, 64Kbps. The unit is available in a 14 pin Ceramic DIP or a 
Time Compression, Echo Generation/Suppression, 20 pad Ceramic LCC package. For more applications 
Special Effects, etc. information, see Application’s Notes 576 and 607 (section 

¢ Pagers/Satellites 10 of Analog Data Book). 


¢ Data Aquisition Systems 

¢ Voice I/O for Digital Systems and Speech Synthesis 
Requiring Small Size, Low Weight, and Ease of 
Reprogrammability 


Pinouts Functional Diagram 
HC1-55564/883 (CERAMIC DIP) 
TOP VIEW oo val!%eq MEERA o 


12) (9) 
DIGITAL IN PLAIN TEXT (13) CLOCK DIG. GND 


Yop 


APT ZiN >= 7 F/F Na 
— e e ia] 
ENC/(DEC 

10] ENC/D (5) Avy LS COMPARATOR 


ANALOG GND 
| 8] DIGITAL GND i ae et 


HC4-55564/883 (CERAMIC LCC) 
TOP VIEW 


RESET 


SIGNAL DIGITAL 
= ESTIMATE 8 eT mou. SYLLABIC 
FILTER LATOR is 
: Ims +] 
(3) Agut 
17 NC (SIDE TONE) OUT mae 
16 APT 10 BIT 
= ate 4 DAC 
NC (4) ASC 
ee OUT 


NOTE: Pin Numbers Correspond to DIP Package Only. 


tOraNriDernerds 
eas 4 a « 
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SYMBOL DESCRIPTION 


| Vpp Positive Supply Voltage. Voltage range is +3.0V to +7.0V. 

Analog GND] Analog Ground connection to D/A ladders and comparator. 

inal Audio Out recovered from 10 bit DAC. May be used as side tone at the transmitter. Presents 
Automatic Gain Control output. A logic low level will appear at this output when the recovered 

signal excursion reaches ‘2 of full scales value. In each half cycle full scale is Vpp/2. 


VDD 
AQUT 
approximately 150 kilohm source with D.C. offset of Vpp/2. Within +2dB of Audio Input. 
AGC 
The mark-space ratio is proportional to the average signal level. 
AIN 
NC 


Pin Description 


Should be externally A.C. coupled. 
Audio Input to comparator. Should be externally coupled. Presents 
approximately 280 kilohms in series with Vpp/2. 
No internal connection is made to these pins. 


Digital GND | Logic ground. OV reference for all logic inputs and outputs. 


Sampling rate clock. In the decode mode, must be synchronized with the digital input 
data such that the data is valid at the positive clock transition. In the encode mode, 
the digital data is clocked out on the negative going clock transition. The clock rate 
equals the data rate. 


Asingle CVSD can provide half-duplex operation. The encode or decode function is 
selected by the logic level applied to this input. A low level selects the encode mode, 
a high level the decode mode. 


Alternate Plain Text input. Activating this input caused a digital quieting pattern to be 
transmitted, however; internally the CVSD is still functional and a signal is still 
available at the AQuT port. Active low. 


input for the received digital NRZ data. 


Force Zero input. Activating this input resets the internal logic and forces the digital 
output and the recovered audio output into the “quieting” condition. An alternating 1-0 
pattern appears at the digital output at %2 the clock rate. When this is decoded by a 

receive CVSD, a 10mVp-p inaudible signal appears at audio output. Active low. 


Digital Out | Output for transmitted digital NRZ data. 


NOTE: No active input should be left in a “floating condition.” 
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Specifications HC-55564/883 


Absolute Maximum Ratings Thermal Information 
Voltage at Any Pin ................005. GND -0.3V to Vpp +0.3V =‘ Thermal Resistance Bia Bic 
MUAY VIS) VOAGO . 60'S os vin inde cin'os 5s eh awaeie was oe +7.0V Ceramic DIP Package................. 75°C/W = 15°C/W 
AWUITIUIT Wty MOBGO «oe otis 5 ooo cwats 0 ona Sha loves ss +3.0V Ceramic LCC Package ................ 76°C/W199C/W 
JUNCTION. TOMPETSture ..... 0%... c0eeececsecdanen chlbul +175°C Package Power Dissipation Limit at +75°C for Ty at < +1759C 
Storage Temperature Range ................. -65°9C to +150°C Ceramic DiP Package «3... 6 ca fas cape ke ree nnn kes 1.33W 
Lead Temperature (Soldering 10 Seconds) .............. +275°9C Comnrg uc © Package oo-.i 5 sic. « obs ocleagdo on cacerne 1.32W 
EOL PINES, Se Sie eid ae Ove walpvibicn hon tee Soe oe <2000V_ Package Power Dissipation Derating Factor Above +75°C 
Ceramic DIP Package 2 jcc oncicccieks ccs thabince. 13.3mW/°9C 


CAUTION Absolute maximum ratings are limiting values, applied 
individually beyond which the serviceability of the circuit may be impaired. 
Functional operability under any of these conditions is not necessarily 
implied. 


COIBINIGL CE PACK 2 oie coc cnt ientnce-oanieade cd 13.2mW/°C 


Recommended Operating Conditions 


Operating Temperature Range ............... -55°C to +125°C 
Operating Supply Voltage (Vpp Range) .......... +3.0V to +7.0V 


TABLE 1. D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 
Device Tested at: Supply Voltage = +5V, fclk = 16kHz, Operating Temperature = -55°C < Ta < +125°C, Unless Otherwise Specified. 


GROUPA LIMITS 
SUBGROUP | TEMPERATURE | MIN | 


Supply Current 


= 
31/3 42 
>i|riea 
n 


Logic Input High (Note 2) Input Level: ‘1’ = +3.5V, 


‘0’ = +1.5V 


Re 
ho 
o 

fe) 
Q 
a 
on 

fe) 
© 
= 
on 


Logic Input Low (Note 2) Input Level: ‘1’ = +3.5V, 


‘0’ = +1.5V 


2.3 | 128°0,-s500 | 40 


4. 
ine) 
oO 
fe) 
@) 
rs 
oa 
< 


Logic Output High (Note 3) 


Logic Output Low (Note 3) 


FZ = 0; Clock Inputs 
Switched Statically 


Quieting Pattern (Note 8) 
Amplitude 


3 
< 
bi 
se) 


AGC Threshold (Note 9) Encode Mode F.S 


va 
Mh 
16) 

[e) 
1?) 


nal 


S 


CAUTION: This device is sensitive to electrosatic discharge. Proper |.C. handling procedures should be followed. 
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TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


Devices Characterized at: Vpp = +5V, Ta = +25°C Operating Temperature, fclk = 16kHz Clock Sampling Rate. 
ENC/DEC = ENC = Encode Mode, Unless Otherwise Specified. 


LIMITS 
PARAMETERS SYMBOL CONDITIONS NOTE cen Hm UNITS 
Sampling Rate CLK An = 0.775 Vrms at 20Hz +25°C 
+125°9C, -559C 
CLK Duty Cycle AIN AN = 0.775 Vrms at 100Hz +25°C 70 
+1259C, -55°C 
Audio Input Voltage AIN A\n at 100Hz +25°C 
+125°C, -55°C 
Audio Output Voltage AOUT A\n at 100Hz +25°C 
+125°C, -55°C 
Input Impedance Ain at 100Hz +25°0C kn 
+125°9C, -55°C 
Output Impedance ZOUT A\n at 100Hz +250C 
+125°C, -55°9C 
Transfer Gain A\N = 0.775 Vams at 100Hz +259C +2 
-559C, +125°9C 


Resolution Ain at 100Hz 12,13 +259C 
of Supply 


% 
MIN Step Size 7,12 +25°C 0.08 % 
of Supply 


NOTES: 

1. There is one NR (Non-Return Zero) data bit per clock period. Data is 7. The minimum audio output voltage change that can be produced by the 
clocked out on the negative clock edge. Data is clocked into the CVSD on internal DAC. 
the positive going edge (see Figure 2). Clock may be run at less than 8. The “quieting” pattern or idle-channel audio output steps at 1/2 the bit 
9Kbps. rate, changing state on negative clock transitions. 

2. Logic inputs are CMOS compatible at supply voltage and are diode 9. A logic ‘0’ will appear at the AGC output pin when the recovered signal 
protected. Digital data input is NRZ at clock rate. reaches 1/2 of full-scale value (positive or negative), i.e. at Vpp/2 +25% 

3. Logic outputs are CMOS compatible at supply voltage and will withstand of Vop. 
short-circuits to Vpp or ground; however, the short circuit duty cycle 10. The recovered signal will be clamped, and the computation will be 
must not exceed 5% in order to maintain an acceptable current density inhibited, when the recovered signal reaches 3/4 of full-scale value, and 
level. Digital data output is NRZ and changes with negative clock will unclamp when it falls below this value (positive or negative). 
transitions. Each output will drive two LS TTL loads. 11. No load condition measured from audio in to audio out. 

4. Recommended voice input range for best voice performance. Should be 12. The parameters listed in this table are controlled via design or process 
externally A.C. coupled. parameters and are not directly tested. These parameters are 

5. May be used for side-tone in encode mode. Should be externally A.C. characterized upon initial design release and upon design changes which 
coupled. Varies with audio input level by +dB. would affect these characteristics. 

6. Presents series impedance with audio signal. Zero signal reference is 13. The minimum audio input voltage above which encoding is guaranteed to 
approximately Vpp/2. take place. 


TABLE 4. ELECTRICAL TEST REQUIREMENTS 


Groups C & D Endpoints 


* PDA applies to Subgroup 1 only. No other subgroups are included in PDA. 
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Burn-In Circuits 


HC-55564/883 (CERAMIC DIP) 


HC-55564/883 (CERAMIC LCC) 


g} DIGITAL 
IN 


NC 
5} APT 


PRI FK3 PKI FHI eK 
1OENONT Oy 


NOTES: 

Ri = 10K +52, 1/4 Watt (per socket) 

f; = 16kHz TTL Levels, 50% Duty Cycle, Square Wave 

fo = = 200Hz (Approximate); 3Vp-p Sinewave (or triangular wave), centered around ground. 
C1 = 0.01yF (per socket), or 0.1F (per row) minimum. \ 

Co = 0.1nF (per socket) minimum. 

Dz = IN4002 or Equivalent (per board) 
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Die Characteristics 


DIE DIMENSIONS: GLASSIVATION: 
154 x 93 x19 mils Type: Silox 
METALLIZATION: Thickness: BkA os 1kA 
Type: SIAl TRANSISTOR COUNT: 1896 
Thickness: 16kA + 2kR PROCESS: CMOS: SAJI 
WORST CASE CURRENT DENSITY: DIE ATTACH: 
2.0 x 105A/cm2 — Material: Gold/Silicon Eutectic Alloy 
This device meets Glassivation Integrity Test Temperature: Ceramic DIP — 460°C (Max) 
requirement per Mil-Std-883 Method 2021 and Ceramic LCC — 420°C (Max) 


Mil-M-38510 paragraph 3.5.5.4. 


Metallization Mask Layout 
HC-55564/883 


Vpp DIGITAL OUT 


Ii Fz. 


ANALOG GND 


AUDIO our 


WI iy ui: 
Hi ade hat 


eas = ————) 


Tee “ 


a) ete 


= 
4 Up 7 
= mR val B DIGITAL INPUT 
(ea RS 3 
2s mae aes } 3 
eae = 
Eo S. Z 
Tas -2 
| |e al a cf 
ahh zh Wc) 
AGC a WE >s 
ees PRS APT Ta) 
ran Wiest || 69 
ena] Pad | oO 
a ay x 
anf | as roflag 
ayo i i rs 


alloc mae 
71 ybs 

™ an 
Cm] 


oe | SF 
reat : 
m 
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(2) 
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m 
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C 


att 
perc 


al meet 


rita 
As 
Gc 


hs It 


oe A | 
aupio In Ey ml ! a CLOCK 


NC NC DIGITAL 
GND 


NOTE: Pad Numbers Correspond to DIP Package Only. 
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Packaging t 
14 PIN CERAMIC DIP 


= 
15° 


* INCREASE MAX LIMIT BY .003 INCHES 
MEASURED AT CENTER OF FLAT FOR 


SOLDER FINISH 
LEAD MATERIAL: Type B INTERNAL LEAD WIRE: 
LEAD FINISH: Type A Material: Aluminum 
PACKAGE MATERIAL: Ceramic, 90% Alumina Diameter: 1.25 Mil 
PACKAGE SEAL: Bonding Method: Ultrasonic 
Material: Glass Frit COMPLIANT OUTLINE: 38510 D-1 


Temperature: 450°C + 100C 
Method: Furnace Seal 


20 PAD CERAMIC LCC 


PAD MATERIAL: Type C INTERNAL LEAD WIRE: 

PAD FINISH: Type A Material: Aluminum 

FINISH DIMENSION: Type A Diameter: 1.25 Mil 

PACKAGE MATERIAL: Multilayer Ceramic, 90% Alumina Bonding Method: Ultrasonic 
PACKAGE SEAL: COMPLIANT OUTLINE: 38510 C-2 


Material: Gold/Tin (80/20) 
Temperature: 320°C + 10°C 
Method: Furnace Braze 


NOTE: All Dimensions are - , Dimensions are in inches. t Mil-M-38510 Compliant Materials, Finishes, and Dimensions. 
x 
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DESIGN INFORMATION Continuously Variable 
Slope Delta-Modulator (CVSD) 


The information contained in this section has been developed through characterization by Harris Semiconductor and is for 
use as application and design data only. No guarantee is implied. 


Typical Performance 


The following typical performance distortion graphs were and 3rd harmonic distortion, an HP-3582A spectrum 
realized with the test configuration of Figure 1. The analyzer. All measurement conditions were at Vpp = +5V, 
measurement vehicle for Total Harmonic Distortion (THD) and 2nd and 3rd harmonic distortion measurements were 
was an HP-339A distortion measurement set, and for 2nd | C-message filtered. OdB = 1.2VRMS. 


HC-59564 


0.33uf -U 


HP3582A 
SPECTRUM 
ANALYZER 
OR HP339A 
DISTORTION 
ANALYZER 


FUNCTION 
GENERATOR 


C-MESSAGE 
FILTER 


-8 
INPUT SIGNAL LEVEL dB 


FIGURE 2. CVSD SIGNAL LEVEL vs. 
FIGURE 1. TEST AND MEASUREMENT CIRCUIT TOTAL HARMONIC DISTORTION 


CVSD INPUT LEVEL VERSUS 2ND AND 3RD HARMONIC DISTORTION C-MESSAGE WEIGHTED CVSD SIGNAL TO 2ND AND 3RD HARMONIC DISTORTION C-MESSAGE WEIGHTED 


Viy=0.5VRMS 
16KHZ CLOCK 


INPUT FREQUENCY 
1KHz 
16KHZ CLOCK 
er | | 
“24 7 tN -3.8 +3.0 0 1000 2000 3000 
hj INPUT LEVEL(dB) A) INPUT FREQUENCY(H2) 


INPUT FREQUENCY 
1KHz 

32KHZ CLOCK 
has 


dB 


Tt 
| 
Hii 


Vin=0.5VRMS 
32KHZ CLOCK 


-11 8 +3.0 =" 1000 2000 0 4000 
INPUT FREQUENCY(H2) 


CVSD SIGNAL TO 2ND AND 3RD HARMONIC DISTORTION C-MESSAGE WEIGHTED 


Viy=9.5VRMS 
64KHZ CLOCK 


a 


: 1000 2000 3000 4000 
INPUT LEVEL(dB) C) INPUT FREQUENCY (Hz) 


FIGURE 3A, B, C. CVSD INPUT LEVEL vs. 2ND AND 3RD ‘FIGURE 4A, B, C. CVSD INPUT FREQUENCY vs. 2ND AND 3RD 
HARMONIC DISTORTION HARMONIC DISTORTION 
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DESIGN INFORMATION (continueq) 


The information contained in this section has been developed through characterization by Harris Semiconductor and is tor use 
as application and design data only. No guarantee is implied. 


Typical Performance (Continued) 


Figures 5, 6, and 7 illustrate the typical frequency response of The flat bandwidth at OdB doubles for every 16kHz increase 
the HC-55564 for varying input levels and for varying in sampling rate. The output levels were measured in 
sampling rates. To prevent slope overload (slew limiting), the the encode mode, without filtering, from Ajj to Aout, at 
OdB boundry should not be exceeded. The frequency VDD = +5V, OdB = 1.2VRms. 

response is directly proportional to the sampling clock rate. 
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FIGURE 5. TRANSFER FUNCTION FOR CVSD AT 16Kbps 
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FIGURE 6. TRANSFER FUNCTION FOR CVSD AT 32Kbps 
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DESIGN INFORMATION (continuea) 


The information contained in this section has been developed through characterization by Harris Semiconductor and is for use 


as application and design data only. No guarantee is implied. 
Interface Circuit for HC-55564 CVSD 


AUDIO SOURCE 


@ HC-5512/12A/12D* 
L 6 


Re VFyl+ — PWRO+ 


VFy0 


Ra. Rp. Ca 


CA 
OPTIONAL 
orn en 


CLK. GEN. 


FIGURE 8. 


CVSD Hookup for Evaluation 


The circuit in Figure 8 is sufficient to evaluate the voice quality 
of the CVSD, since when encoding the feedback signal at the 
audio output pin is the reconstructed audio input signal. 
CVSD design considerations are as follows: 


1. Care should be taken in layout to maintain isolation 
between analog and digital signal paths for proper noise 
consideration . 


2. Power supply decoupling is necessary as close to the 
device as possible A 0.1uF should be sufficient. 


3. Ground, then power, must be present before any input 
signals are applied to the CVSD. Failure to observe 
this may cause a latchup condition which may be 
destructive. Latchup may be removed by cycling the 
power off/on. A power-up reset circuit may be used 
that strobes Force Zero (Pin 13) during power-up 
as follows: 
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AUDIO OUT 


1 
77-@ | EXTERNAL 
CONTROL 


HC-55964 


(TO DATA I/F) 
(FROM DATA 1/F) 


EXTERNAL 
CONTROL 


*HC-5512D ALSO AVAILABLE IN 
LCC FOR TOTAL SURFACE MOUNT 
APPLICATION SOLUTION 


**RD 100K!) to MQ 


. Analog (signal) ground (Pin 2) should be externally tied 


to Pin 8 and power ground. It is recommended that the 
Ain and AguT ground returns connect only to Pin 2. 


. Digital inputs and outputs are compatible with 


standard CMOS logic using the same supply voltage. 
All unused logic inputs must be tied to the appropriate 
logic level for desired operation. TTL outputs will 
require 1kQ pull-up resistors. Pins 4 and 14 will each 
drive CMOS logic or one low power TTL input. 


. Since the Audio Out pins are internally D.C. biased to 


Vpp/2, A.C. coupling is required In general, a value of 
0.1yF is sufficient for A.C. coupling of the CVSD audio 
pins to a filter circuit. 


. The AGC output may be externally integrated to drive an 


AGC pre-amp, or it could drive an LED indicator 
through a buffer to indicate proper speaking volume. 


DATA CONVERSION 


PRODUCTS 


HC-55564 


DESIGN INFORMATION (continuea) 


The information contained in this section has been developed through characterization by Harris Semiconductor and is for use 


as application and design data only. No guarantee is implied. 


Timing Waveforms 


SAMPLING CLOCK: | % 
[34 me per] ee, 
it 


DEC/ENC Oi e 
es BF ER er! NE et See ore RY 
| V1 
i it 2 
DIGITAL NRZ IN: | 1 f 0 | 1 
lt 7 
ti i! 
eee Se A ees VI 
4 11 
t 
DIGITAL NRZ OUT: OS ’ 
0 0 1 1 


tps: DATA SET UP TIME, 100ns TYPICAL 


FIGURE 9. CVSD TIMING DIAGRAM 
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DESIGN l N FO RMATIO N (Continued) 


The information contained in this section has been developed through characterization by Harris Semiconductor and is for use 
as application and design data only. No guarantee is implied. 


Test Configuration 


3 FT .Owr 
+5V or FS 
—A)- 
B | om | 
Cc 0.1 F 
oan gil 


PRODUCTS 


IDp Supply Current 


DATA CONVERSION 


Vin Input Logic 1 

Vit Input Logic 0 
VoL Dig Out Logic 0 
VoL AGC Out Logic 0 
VoH Dig OutLogic 1 
VOH AGC Out Logic 1 


B 
A 
A 
A 
A 
A 
A 
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DESIGN INFORMATION (Continued) 


The information contained in this section has been developed through characterization by Harris Semiconductor and is for use 
as application and design data only. No guarantee is implied. 


Test Configuration (Continued) 
TEST: Vap, QUIETING PATTERN AMPLITUDE 


3.5V 


1.5V DURING RISING CLK EDGE, a 
3.5V DURING FALLING CLK EDGE, b 


3.5V 


3.5V 


A1, A2 OP Amps are buffers for measurements taken at Ain and AoyT. 
The difference in measurements at AgyT when Dyj is HI and Din is LO is Vap. 


TEST: VatH, AGC THRESHOLD 


3.5V 


CLK IN IDEAL 3.5V/1.5V ENCODED 
SINE WAVE 


3.5V 
3.5V 


CLOCKED STATICALLY: 
HI = 3.5V,LO = 1.5V. 


A1, A2 OP Amps are buffers for measurements taken at Ajy and Agyt. 

For each CLK Cycle, measure Agyt and AGC for CLK = HI and CLK = LO. 

Following AguT wave form bit by bit, AGC LO is Agyt voltage where AGC output goes from HI to LO. AGC HI is AOUT 
voltage where AGC output goes from LO back to HI. VATH is the fraction of full scale of (AGG HI - AGG LO). 
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DESIGN INFORMATION (continuea) 


The information contained in this section has been developed through characterization by Harris Semiconductor and is for use 
as application and design data only. No guarantee is implied. 


Test Configuration (Continued) 
TEST: 10 THROUGH 16 


RMS 
VOLT 
METER 
+ 5V 
RMS 
VOLT 0.01 1K 
METER uF 
’ + 5V 
SCOPE 1K 
100K 
SINE 
NOTE 
1 TEST Cc 
15 


TEST TEST NAME 


Clock Sampling Rate 
Clock Duty Cycle 
Transfer Gain 


Audio Input/Output 
(Ain/AguT) Voltage Test 


Resolution 
Minimum Step Size 
Clamping Threshold 


* Resistor used only on Test 10 and 11. 
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SINE WAVE CONDITIONS 


Sine Input 20Hz, 0.775 VRMS 
Sine Input 100Hz, 0.775 VRams 
Sine Input 100Hz, 0.775 Vaws 
Sine Input 300Hz 


Sine Input 100Hz 
Ain Grounded 
Sine Input 100Hz 


DATA CONVERSION 
PRODUCTS 


HC-55564 


DESIGN INFORMATION (continueg) 


The information contained in this section has been developed through characterization by Harris Semiconductor and is for use 
as application and design data only. No guarantee is implied. 


Test Configuration (Continued) 
TEST: Zjj, AUDIO OUTPUT IMPEDENCE 


+ Vpp 
14 
1K 
13 
+ Vpp 
12 
1K 
11 
10 
9 16kHz, 50% DUTY CYCLE CLK, 
"1" = 3.5V,0= 1.5V 
8 


TEST: Zjxy, AUDIO INPUT IMPEDENCE 


+ 5V 
+ Vpp 
0.01 1K 
F 
~ + Vpp 
1K 
100Hz 
OdBm SINE 


Os 


16kHz, 50% DUTY CYCLE CLK, 
"V’= 3.5V,0= 1.5V 


NOTES: 


A: Clocked statically for 3 cycles. 

B: Clocked statically for 5 cycles. 

C: Clock used for Clock Sampling Rate test is a variable frequency square 
wave.Clock used for Clock Duty Cycle test is 16kHz variable duty cycle. All 
levels of clock are 3.5 = high and 1.5 = low. Clock used for Transfer Gain, 
Audio Input/Output and Resolution test is 16kHz 50% duty cycle. 
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Sample and Hold 


_ Amplifiers’ — 


SAMPLE AND HOLD AMPLIFIER DATA SHEETS PAGE 
HA-2420/883 Fast Sample and Hold... .. cece cece cee eee eee tee eee e nee n eee nennnaes 7-3 
HA-5330/883 Very High Speed Precision Monolithic Sample and Hold AGNDUTGS 61a ess caewans 7-16 


SAMPLE & HOLD 
AMPLIFIERS 


ABSOLUTE MAXIMUM RATINGS 
As with all semiconductors, stresses listed under “Absolute Maximum Ratings” may be 
applied to devices (one at a time) without resulting in permanent damage. This is a stress 
rating only. Exposure to absolute maximum rating conditions for extended periods may 
affect device reliability. The conditions listed under “Electrical Specifications” are the only 
conditions recommended for satisfactory operation. | 
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DHARRIS HA-2420/883 


January 1989 Fast Sample and Hold 


Features Description 


e This Circuit is Processed in Accordance to Mil-Std- |The HA-2420/883 is a monolithic circuit consisting of a 
883 and is Fully Conformant Under the Provisions of — high performance operational amplifier with its output in 
Paragraph 1.2.1. series with an ultra-low leakage analog switch and 


Maximum Acquisition Time (10V Step:to.0.8%)...0.4as MQSFET input unity gain alpine 


(10V Step to 0.01%).....6us With an external hold capacitor connected to the switch 
output, a versatile, high performance sample-and-hold or 
track-and-hold circuit is formed. When the switch is 
TTL Compatible Control Input closed, the device behaves as an operational amplifier, 
and any of the standard op amp feedback networks may 
be connected around the device to control gain, 
frequency response, etc. When the switch is opened the 
output will remain at its last level. 


Maximum Drift Current (Max. Over Temp.).......... 10nA 


Power Supply Rejection .............cccccseceeeeeeeeeeeeeeees = 80dB 


Performance as a sample-and-hold compares very favor- 
ably with other monolithic, hybrid, modular, and discrete 
e Data Acquisition Systems circuits. Accuracy to better than 0.01% is achievable over 

: the temperature range. Fast acquisition is coupled with 
2 D:A Deaiitens! superior droop characteristics, even at high tempera- 
e Auto Zero Systems tures. High slew rate, wide bandwidth, and low acquisition 
time produce excellent dynamic characteristics. The abil- 
ity to operate at gains greater than 1 frequently eliminates 
Gated Op Amp the need for external scaling amplifiers. 


Applications 


Peak Detector 


The device may also be used as a versatile operational 
amplifier with a gated output for applications such as 
analog switches, peak holding circuits, etc. For more 
information, please see Application Note 517. 


Pinouts Functional Diagram 


HA1-2420/883 (CERAMIC DIP) = 
TOP VIEW of 
es ui 
sD foureot Hie uw S 
= 
2 
=< 
< 
vi 


output []7 


‘SAMPLE/HOLD G 
HA4-2420/883 (CERAMIC LCC) cane 
TOP VIEW 


CAPACITOR 


© 57] SAMPLE/HOLD 
&2 4 CONTROL 


: a 
OFFSET ADJUST ' N.C. 
& NOTE: Pin Numbers Correspond to DIP Package Only. 
N.C. ° £17] N.C. 
OFFSET ADJUST : if HOLD CAPACITOR 
N.C. 


V- 


Specifications HA-2420/883 


Absolute Maximum Ratings 


Voltage Between V+ and V- Terminals ...........0....cccccceseeesseeeee 40V Thermal Resistance, Junction-to-Ambient (6j4) 
DHFRFORTTINDUT VORAGG: .......c occ ccccctooccssesctsdnsrtspuvatbacceadazes +24V ay Ey ony Be Sis Soot fo |. SS aa er aie SH 96°C/W 
Digital Input Voltage (S/H PRAY scsstesecccansiaence aeons +8V, -15V eT Tt MN Oe ae gl 4. |. AR a 88°C/W 
OLDE GOCE forsee conta Reticds sasecbizecpeniec Short Circuit Protected Power Dissipation 

Storage Temperature Range .................... -659C < Ta < +150°0C Ceramic: DIP PACKAGE i, -.ccc- scsce-sadeeneesieccesnnsenee 1.083W @ +759C 

Lead Temperature (Soldering 10 Seconds).................000006 275°C Ceramic LCC. Package. ....:...-c-.serseceseerscsosees 1.14W @ +75°9C 

J LMC T ICE Terra aeG ANO o sa cc oecns ccdovenie eth odaivensececueton +175°C ~—- Power Dissipation Derating Factor (Above +759C) 

Thermal Resistance, Junction-to-Case (Gjc) Ceramic - Dir PACKAQS Son ui42552.5shaciscsatpsciqs ttinseonegentees 10mW/°C 
Ores te 2 1 cael 7 (oo 4 (Za ea 240C/W MGIC LOC PAC are noi in once ars cagcs oven viyeenses 11.4mW/°C 
ea Lg Ses a a Ie PUTA > Rees MT TION Fotos sia co voce = cess gevnvcoaaes stan grecdapsaisaamsaien < 2000V 

Recommended Operating Conditions 

Operating Temperature Range................. -§59C <Ta <+1259C = Logic-Level Low (Vip)s.4.N00.850.... QR OV to 0.8V 

Operating Supply Voltage (LVSUPPLY) -....--eeceeseeseeseeeteeees =75V Lagic LaveliFigh (Ars Se. FUG... cece ccwenevceevccs 2.0V to 5.0V 

Analog Inpit Voltage: (Va) ii adel add +10V 

TABLE 1. D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 


Device Tested at V+ = +15V; V- = -15V; Vi_ = 0.8V (Sample); VjH = 2.0V (Hold); Cy = 1000pF, -Input Tied to Output, 


Unless Otherwise Specified 


LIMITS 


GROUP A 
D.C. PARAMETERS | SYMBOL CONDITIONS SUBGROUPS TEMPERATURE | MINS | MAX — UNITS 


Input Bias Current 


IB+ 


Input Offset Voltage Vio pais ce ae 
Se RR BORE a 


Ry = 2k, CL = 50pF, 

Ryu = 2k, Cy. = 5OpF, 
V+ = 25V, V- = -5V, 
VouT = +10V, VS/pH = 10.8V 


V+ = 5V, V- = -25V, 
Vout = -10V, VS/H = -9.2V 


VouT = *10V 
VouT = -10V 
Ry = 2k, Cy = SOpF 


Input Offset Current 


Open Loop Voltage 
Gain 


tAys 


-Avs 


Common Mode -CMRR 


Rejection Ratio 
+CMRR 


Output Current +lo 
-lo 


Output Voltage +Vop 
Swing 


Power Supply Current 


Power Supply 
Rejection Ratio 


-Vop 
*Icc 


V+ =10V, 20V 
V- = -15V, -15V 


+PSRR 


-PSRR V+ = 15V, 15V 
V- =-10V, -20V 
Digital Input 11N4 VIN = OV 


' 
O 


Current 


Vin = OV, Ry = 2kQ, 
Ci = 50pF, S/H = 4.0V 


Digital Input 
Voltage 


Drift Current 


ay Ne ria 2 
fey BOCs 
eee ee ee 
ie ES ae 
et eee 
se Bae 
eee ee ee 
ie ee 
ae ee 
is ae ee ae 
an eS eee 
i Se ae 
ae aS a 
ee 
Ae ek 
i eee 
RL = 2k, CL = SOpF pot Soe ae 
Cw en ee 
. . 


3 


a sor Ss 


V 
mV 
A 
A 


-§59C, +1259C 


nm 
=} 
ras) 
—_ 
8 


3 }5 


nm 
2 
} 
2 
> 


aie eens Mee 


> 


400 
eee a 
ee, SS ee ae 


> 


AY 
V 
V 


Vv 


V 
V 


SSS 


-559C, +125°C 


4 

25 
25 
25 
25 


k 


< 


eek SS 
| 25k | 
aes 
Bees 
| -8506, +1250C_ | 80 
ae Bs 
eee 
rao 


m 
m 


> 


kK 
k 
k 
-10.0 


1 
2,3 
1 
2,3 
1 
2,3 
1 
2,3 
1 
a0 
1 
2,3 
1 
2,3 
1 
° 
1 
1 
1 
2,3 
1 
2,3 -10.0 
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nn 
on 
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ee 

2.0 

2.0 
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ae 
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ieee 
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00 
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CAUTION: These devices are sensitive to electrostatic discharge. Proper IC handling procedures should be followed. 
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TABLE 2. A.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 


Device Tested at V+ = +15V, V- =-15V, Vi_ = 0.8V (Sample), VjH = 2.0V (Hold), CH = 1000pF, -Input Tied to Output, 
Unless Otherwise Specified 


GROUP A LIMITS 
A.C. PARAMETERS | SYMBOL CONDITIONS SUBGROUP 


Hold Step Error__| Vernon | _VIN = 0V. 4, trise(VS/t) = 30ns i ais nd eo ES 


Transient Response | TR(tr) CL = 50pF, Ru = 2k, Ay = +1, +250C 100 
Rise Time & VOUT = 200mV peak-to-peak 
TR(tf) 


Fall Time Cy. = 50pF, Ry = 2k, Ay = +1, +259C 
VOUT = 200mV peak-to-peak 
Transient Response | TR(+9s) Cy. = 50pF, Ru = 2k, Ay = +1, 4 +250C 40 % 
Overshoot VOUT = 200mV peak-to-peak 
TR(-OS) Cy. = 50pF, Ry = 2k, Ay = +1, + +250C 40 % 

VOUT = 200mV peak-to-peak 
Transient Response CL = 50pF, Ru = 2k, Ay = +1, 4 +250C 3.5 V/us 
Slew Rate VOUT = 10V peak-to-peak 

Cy. = 50pF, Ru = 2k, Ay = +1, 4 +250C 3.5 V/s 

VOUT = 10V peak-to-peak 

TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


Device Characterized at V+ = +15V, V- =-15V, Vit =0.8V (Sample), VjH = 2.0V (Hold), CH = 1000pF, 
-Input Tied to Output, Unless Otherwise Specified 


| | oumits | 
PARAMETER SYMBOL CONDITIONS NOTE TEMP | MIN | MAX | UNITS 


Hold Mode Feedthru Vatten Ry = 2kQ, CL = 50pF, Ay = +1, +259C, 70 — 
Attentuation VIN = 20Vp-p, fin = 5O0kHz -559C, +1250C 


Gain Bandwidth GBWP Ryu = 2k, CL = S0pF, Ay = +1, 1 +259C, 2.5 
Product VIN = 100MVp-p 


S 
on 
Acquisition Time *tacg RL = 2k, Cy = S0pF, Ay = +1, +250C, =f 
(0.1%) (0.1%) Vout = OV, +10V 2 
aad 
-tacq RL = 2kQ, Cy =50pF, Ay = +1, +250C, S = 
(0.1%) VouT = OV, -10V _ 


Acquisition Time 
(0.01%) 


Ru = 2k0, Cy = SOpF, Ay = +1, +259C, 
VouT = OV, -10V 


-tacq 
(0.01%) 


*tacq Ri = 2k, CL = 50pF, Ay = +1, #25°C, 
(0.01%) VourT = OV, +10V 


NOTE: 1. The parameters listed in this table are controlled via design or process parameters and are not directly tested. These parameters are charac- 


terized upon initial design release and upon design changes which would affect these characteristics. 


TABLE 4. ELECTRICAL TEST REQUIREMENTS 


MIL-STD-883 TEST REQUIREMENTS SUBGROUPS (SEE TABLES 1, 2 & 3) 
Interim Electrical Parameters (Pre Burn-In) fu ee 


Final Electrical Test Parameters 1*,2,3,4 


Group A Test Requirements 1,2,3,4 


* PDA applies to Subgroup 1 only. No other subgroups are included in PDA. 


CAUTION: These devices are sensitive to electrostatic discharge. Proper IC handling procedures should be followed. 


(= 


HA-2420/883 


Test Circuits 


Voc 
ALL RESISTORS =+ 1% 
ALL CAPACITORS = + 10% 


+Vcc 1 -Vec S/H 


= s BUFFER 


ILOAD 


FIGURE 1. 
Test Fixture Schematic (Switch Positions S1 - Sg Determine Configuration. See Chart A) 


HOLD MODE FEEDTHROUGH ATTENUATION GAIN BANDWIDTH PRODUCT 


+5V 


SINEWAVE 
INPUT 


VINPUT 


HI-508A 
MUX 


2KQ 
CH = 1000pF 


SAMPLE/HOLD 
CONTROL INPUT 


NOTE: 
Compute Hold Mode Feedthrough Attenuation from the Formula: GBWP is the Frequency of Vinjpyt at which: 
V HOLD V 
Feedthrough Attenuation = 20 log ( saad 210g | eee Reet 
i sic staie VINPUT 


Where Vout HOLD = Peak-Peak Value of Output Sinewave During the Hold Mode 
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HA-2420/883 


Test Circuits (Continued) ACQUISITION TIME 


(tacq to 0.01% is shown, tacg to 0.1% is done in the same manner) 
SEND SAMPLE 
COMMAND 
SET Tz TO 
7 uS INITIALLY 
COURSE tacg MEASUREMENT LOOP 


ot ask 5 gh 


DIGITIZE V4 
AT Tj (~10uS) 


FINE tacq MEASUREMENT LOOP 
ie cea pa oe 
l 


: 
send 


SS 


INCREMENT T2 


CALCULATE Vy - Vo. 
IS AV> .01% 


‘2 


< 
m 
~” 


BY 50ns 
(50ns LONGER DELAY) 


DECREMENT T2 
BY 10ns 
DIGITIZE V4 
AT Ti (~10uS) 
DIGITIZE V2 
AT T2 


CALCULATE V4 - Vo. 
IS AV> .01% 


? 


NO 


DECREMENT 
T2 BY 50ns 


NOTE: See Test Diagram, Timing Diagram 


YES 


RECORD | 
tacq 


RS Sp Ee a eee 


1 
CD MEER GRE GREED V 
rae] | Tae 


50pf : 
2k 2 
oR 1000pF DIGITIZER 
OV 

SE eee iB 
-10V ul 

= ~10uS 

S/H DELAY 

CONTROL 
T2 
VARIABLE 


DELAY 


COMPUTER 
CONTROLLER 
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HA-2420/883 
Timing Waveforms 


TIMING DIAGRAM FOR ACQUISITION TIME, (POSITIVE tacg CASE) 


10.0V 


OV | 
2.0V 


S/H OV ) 
CONTROL 


VIN 
(POS tacg CASE) 


| 
: 10.0V 
DUT OUTPUT (POS tacg CASE) l 
r | 0.01% 0R0.1% =| 
ENVELOPE | 
7, (11 DIGITIZER COMMAND) pb Ty TOS 
| | 
1 (To DIGITIZER COMMAND) ey 
| 
OVERSHOOT, RISE & FALL TIME WAVEFORMS 
VPEAK ———— Pas - 
| ad 
ee “i 90% ‘ise 30 
LJ 
8 it 
al OUTPUT w 5 
0 > - 
OV -V 10% 90% oe : : 
” 


tr, +0S tf, -0S Hie 
—— ty tf 


SLEW RATE WAVEFORMS 


+V | [perenne eae AY, 


+V 
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~ -V V - 
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HA-2420/883 


Burn-In Circuits 


HA-2420/883 (CERAMIC DIP) 


S/H 
iN CONTROL 


GND 


OFF ADJ NC 


OFF ADJ 


HOLD CAP 
NC 


+V © +15V 


NC 


Ry = 100k, +5% (per socket) 
Cz = Co = 0.1pF (one per row) or 
0.01 uF (one per socket) 
D1 = Dg = 1N4002 or equivalent (per board) 


HA-2420/883 (CERAMIC LCC) 


OFF ADJ 


OFF ADJ 


HOLD CAP 


-15V O 


© +15V 


Ry = 100k, +5% (per socket) 
Cz = Co = 0.1uF (one per row) or 
0.01 uF (one per socket) 
D1 = Dg = 1N4002 or equivalent (per board) 


HA-2420/883 


Schematic Diagram 


si my ADJ 


Bae pee 
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HA-2420/883 


Die Characteristics 


DIE DIMENSIONS: 97 x 61 x 19 mils TRANSISTOR COUNT: 
METALLIZATION HA-2420/883 78 

Type: Al PROCESS: Bipolar-DIl 

Thickness: 16kA + 2kA DIE ATTACH 
GLASSIVATION Material: Gold/Silicon Eutectic Alloy 


Type: Silox Temperature: Ceramic DIP — 460°C (Max) 


Thickness: 14kA + 2kA 
WORST CASE CURRENT DENSITY: 1.7 x 105 A/cm2 


Metallization Mask Layout 
HA-2420/883 


Ceramic LCC — 420°9C (Max) 


S/H GND 


OFFSET 
ADJUST 


OUTPUT 


NOTE: Pad Numbers Correspond to DIP Package Only. 


HOLD 
CAPACITOR 


HA-2420/883 


Packaging‘ 
14 PIN CERAMIC DIP 


785 140 one 
.005 MIN 170 | 285 | 


.015 .150 MIN 
060 
125 .098 MAX 
.180 * .100 
.016 BSC 
.023 
.050 * 
065 * INCREASE MAX LIMIT BY .003 INCHES 
MEASURED AT CENTER OF FLAT FOR 
SOLDER FINISH 
LEAD MATERIAL: Type B INTERNAL LEAD WIRE: 
LEAD FINISH: Type A Material: Aluminum 
PACKAGE MATERIAL: Ceramic, 90% Alumina Diameter: 1.25 Mil 
PACKAGE SEAL: Bonding Method: Ultrasonic 
Material: Glass Frit COMPLIANT OUTLINE: 38510 D-1 


Temperature: 450°C + 10°C 
Method: Furnace Seal 


20 PAD CERAMIC LCC 


SAMPLE & HOLD 
AMPLIFIERS 


PAD MATERIAL: Type C INTERNAL LEAD WIRE: 

PAD FINISH: Type A Material: Aluminum 

FINISH DIMENSION: Type A Diameter: 1.25 Mil 

PACKAGE MATERIAL: Multilayer Ceramic, 90% Alumina Bonding Method: Ultrasonic 
PACKAGE SEAL: COMPLIANT OUTLINE: 38510 C-2 


Material: Gold/Tin (80/20) 
Temperature: 320°C + 10°C 
Method: Furnace Braze 


Mi 
NOTE: All Dimensions are ie Dimensions are in inches. + MIL-M-38510 Compliant Materials, Finishes & Dimensions. 
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DESIGN INFORMATION 


HA-2420 


Fast Sample and Hold 


The information contained in this section has been developed through characterization by Harris Semiconductor and is 
for use as application and design data only. No guarantee is implied. 


Typical Performance Curves Unless Otherwise Specified: Vsypp_y = +15VDC, Ta = +250C, Cy = 1000pF 


TYPICAL SAMPLE AND HOLD PERFORMANCE 
AS A FUNCTION OF HOLDING CAPACITOR BROADBAND NOISE CHARACTERISTICS 
MINIMUM SAMPLE TIME 


FOR 0.1% ACCURACY 
10V SWINGS — psec. 


DRIFT DURING HOLD @ 
250C MILLIVOLT/SEC 


| +H 
a OUTPUT aos etiiiammanl 
Sf Shi atin Ch 
=e UNITY GAIN PHASE" FT == — Ae. 


} 
i 
RS ae a I Fe causa ir not! : =o 1 ali = t 
> —_ ee ee D.C 
= Ces cS a — tere 


sd “SAMPLE” MODE ~ 100K Ee Trill 


BT karan veal 


= — Siiij ar es 
a R ee) tt SOURCE RESISTAN E 
f ei AT 


SLEW RATE/CHARGE 10K 


: "ih WIDTH 
tuCAOSECOND — (LOWER 3dB FREQUENCY = 10H2) 


100pF 1000pF 0.01uF O.1uF 1.0uF 
Cu VALUE 


DRIFT CURRENT vs. TEMPERATURE OPEN LOOP FREQUENCY RESPONSE 


Ne rene 
oa ee 
ee! \ 


OPEN LOOP VOLTAGE GAIN (dB) 


FREQUENCY (Hz) 


\ 


PAE TU EET 
PATTIE TTI 


LONE TIME UI 


+75 +100 08 +125 


HOLD MODE FEEDTHROUGH ATTENTUATION 
Cy = 1000pF OPEN LOOP PHASE RESPONSE 


CH= 1.0 uF 


ATTENUATION (dB) 


OPEN LOOP PHASE ANGLE (DEGREES) 


+10V SINUSOIDAL INPUT FREQUENCY (Hz) 


FREQUENCY (Hz) 


HA-2420 


DESIGN INFORMATION (Continued) 


The information contained in this section has been developed through characterization by Harris Semiconductor and is 
for use as application and design data only. No guarantee is implied. 


Offset and Gain Adjustment 


HOLD STEP vs. INPUT VOLTAGE 


HOLD STEP VOLTAGE (mv) 


DC INPUT VOLTAGE (V) 


CH = 0.1F 


“cH = 10,000pF 


ont = 1000pF 


_a— CH = 100pF 


FIGURE 1. 


BASIC SAMPLE-AND-HOLD 
(TOP VIEW) 


S/H 
CONTROL 


© OUT 


100k<2 
OFFSET TRIM 
(+25mV RANGE) 


FIGURE 2. 


OFFSET ADJUSTMENT 


The offset voltage of the HA-2420 may be adjusted using a 
100k trim pot, as shown in Figure 2. The recommended 
adjustment procedure is: 


1. Apply zero volts to the sample-and-hold input, anda 
square wave to the S/H control. 


2. Adjust the trim pot for zero volts output in the hold 
mode. 


GAIN ADJUSTMENT 


The linear variation in pedestal voltage with sample-and- 
hold input voltage causes a -0.06% gain error (Cy = 
1000pF). In some applications (D/A deglitcher, A/D 
converter) the gain error can be adjusted elsewhere in the 
system, while in other applications it must be adjusted at 
the sample-and-hold. The two circuits shown below 
demonstrate how to adjust gain error at the sample-and- 
hold. 


The recommended procedure for adjusting gain error is: 
1. Perform offset adjustment. 


2. Apply the nominal input voltage that should producea 
+10V output. 


3. Adjust the trim pot for +10V output in the hold mode. 


4. Apply the nominal input voltage that should producea 
-10V output. 


5. Measure the output hold voltage (V-19 NOMINAL): 
Adjust the trim pot for an output hold voltage of 


(V-10 NOMINAL) + (-10V) 
2 


INVERTING CONFIGURATION 


.002RF 


RF 
INP 
-IN HA-2420 
OUT 
N 


+] S/H 
CONTROL 


OUTPUT 


-RF 
ain ~=BE 
: rT 


FIGURE 3. 


NONINVERTING CONFIGURATION 


INPUT 


OUTPUT 


+IN HA-2420 
S/H OUT 


-IN 


S/H CONTROL 
INPUT 


a pe 


FIGURE 4. 
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HA-5330/883 


Very High Speed Precision Monolithic 
Sample and Hold Amplifier 


January 1989 


Features 


e This Circuit is Processed in Accordance to Mil-Std- 
883 and is Fully Conformant Under the Provisions of 
Paragragh 1.2.1 


e Maximum Acquisition (10V Step to 0.1%) 500ns 
(10V Step to 0.01%) .... 900ns 


e TTL Compatible Control Input 

¢ Power Supply Rejection 

e Low Droop Rate (Max at +1259C) 
e Wide Supply Range 

e Internal Hold Capacitor 

e Low Output Resistance 


100uV/us 
+11V to +18V 


Applications 


e Precision Data Acquisition Systems 
¢ D/A Converter Deglitching 

e Auto-Zero Circuits 

e Peak Detectors 


Pinouts 


HA1-5330/883 (CERAMIC DIP) 
TOP VIEW 


OFFSET ADJ. 
NC 

OFFSET ADJ. [6 116 SUPPLY GND. 
NC 
V- 


Description 


The HA-5330/883 is a very fast sample and hold amplifier 
designed primarily for use with high speed A/D converters. 
It utilizes the Harris Dielectric Isolation process to achieve 
a 900ns acquisition time to 12-bit accuracy and a droop 
rate of 100uV/us at +125°9C. The circuit consists of an 
input transconductance amplifier capable of producing 
large amounts of charging current, a low leakage analog 
switch, and an integrating output stage which includes a 
9OpF hold capacitor. 


The analog switch operates into a virtual ground, so charge 
injection on the hold capacitor is constant and independent 
of Vin. Charge injection is held to a low value by 
compensation circuits and, if necessary, the resulting 
0.5mV (TYP) hold step error can be adjusted to zero via the 
Offset Adjust terminals. Compensation is also used to 
minimize leakage currents which cause voltage droop in the 
Hold mode. 


The HA-5330/883 will operate at reduced supply voltages 
(to +11V) with a reduced signal range. This monolithic 
device is available in a Ceramic 14-pin DIP, and a 20 pad 
Ceramic LCC package. 


Functional Diagram 


OFFSET 
ADJUST 


OUTPUT 


CONTROL 


NOTE: Pin Numbers Correspond to DIP Package Only. 


Specifications HA-5330/883 


Absolute Maximum Ratings Thermal Information 
Voltage Between V+ and Supply/Signal GND ....................5. +20V Thermal Resistance, Junction-to-Ambient (8j¢) 
Voltage Between V- and Supply/Signal GND ......................- -20V oe all og 0 ea Pee 15°C/W 
Voltage Between Supply GND and Signal GND .................... +2.0V SN PSs PR oS oie ca vir ne nce eases ek wie ane e's 199C/W 
Differential Input Voltage DS areca aR OO ae Ta Sie civ ie. cet re maienre ates +24V =‘ Thermal Resistance, Junction-to-Ambient (8ja) 
ENGL TE VOROIO CUTER IN) 00 chic cca ccnecscwestsngitccsees +8V, -6V IN SNe eC = 5 2 eng is os oan Sed as ve nae wistamavines 75°C/W 
Be OP te By cae ee oe en 17mA Ge EG PACKAO od. 5 iin cisions Sede cd vanes ecabed ace 76°C/W 
Storage Temperature Range ....................- -65°C <Ty <+150°C _—— Power Dissipation (at +75°C) 
Lead Temperature (Soldering 10 Seconds) .....................- +275°C I nee en eee 1.33W 
DUM CIUSTET SITIOS ss sks coco ooo opt ce O34 cree fon ns Citeee owe eee +175°C COMeG LIC PERIGOO TE sii sce geen TOUR 1.32W 
ESD Classificationiarsc:. ..di. «icc sak, CORA ee CHOSE eidicn eee <2000V Power Dissipation Derating Factor (Above +75°C) 

ae — Ceramic DIP- Package... eerres ede eee eee 13.3W mW/°C 
NOTE: 1. Internal power dissipation may limit output current below +17mA. Cofamic LOC Phekagel!....... fo 5....c..c.e00s 022 13.2W mw/C 
Recommended Operating Conditions 
Operating Temperature Range ................... =559C <1,.< +126" “Rope teva Loar Wit sek ja ce cdewcceeaccnes see OV to 0.8V 
Operating Supply Voltage (VSUPPLY)--------- +--+ eee eee ee eee eres el kd) Re Ques Aen ae ee a 2.0V to 5.0V 


Analog Input Voltage (Vs)... 25... eect eee renee neces +10V 


TABLE 1. D.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 


Device Tested at V+ = +15V; V- = -15V; Vi, = 0.8V (Sample); Vip = 2.0V (Hold); Cy = Internal = 90pF, -Input Tied to Output, 
SIG. GND = SUPPLY GND; Unless Otherwise Specified. 


GROUPA fee eae 
mecramucrere | orwwot | __covorons | sveancure | rewranarune [—amt"[ ST] one 


oe ee 
ae ae ge | aes |e om 

input Bias Gurren ist a as 
#12500, 5500 

ce Ta ging eames an r|areoo [800 | ma 
Pee ag ep Tee, eee SO amp nA 

ee ee ene WEN ee 
[29 | +#25°6;-s80c |. -s00:'} 500 | nA | 

tho. | RL=tKh | eee ee 
Vour=+10v [aa | v1a80c,-s50c_| ax10®[ - | ww_| 
pe ee el 

712500, 5506 | 2x108| - | vw 
Se Ps ROD ERE: << as TTR ER 
ae RRM EET CSR Ne SS Ba 


Input Offset Current 


Open Loop Voltage 
Gain 


Common Mode 
Rejection Ratio 


V+ = 5V, V- = -25V 


2 eS 


V+ = +15V, +15V 1 Re ae ee a 
V- = -13.5V, -16.5V ee ee eae CB 


Power Supply 
Rejection Ratio 


Output Curent Hig | Vour=+10v ee ee. eS eee a 
ees eee To ete =a 
Vour=-10V ER RCRD al El WI 8 i 
rane Ce =P 
Output Vohage ‘our | FL=1K0 Peete te ee IO ge = 
Vout 7 cae aed es ee ee 
aes POC RES SS: ee ee eS 
Power Supply Gurren ol a 
SR Eo 
SR ks SCN SE a a SS as 


Digital Input Vint = OV PS asees Enea! eT <a“ eee CO 
Current aol Ey ee ns ES oe Be” Be 
Vine = 5.0V Ses Pee Be 
a a Se eee cle ae 
Digital input VIL ie wee ae ee ee ee eee 
iH ee a es 
ig el CR cree een a ners es eres 

ee ee a 

Droop Rate 


CAUTION: These devices are sensitive to electrostatic discharge. Proper IC handling procedures should be followed. 
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Specifications HA-5330/883 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


Device Characterized at V+ = +15V, V- = -15V, Vi_ = 0.8V (Sample), Vizpy = 2.0V (Hold), Cy = Internal = 9OpF, 
SIG. GND. = SUPPLY GND., -Input Tied to Output, Uniess Otherwise Specified. 


| uMiTs 
rt To] ee 
| oan | * peel | ae 
0.1% (0.1%) | Vour=ov, +10v f+2se0,-ssec | = [S00 | re 
erm | Noureontor | * erect spa a 
(0.1%) vour= OV, -10V +1250C,-55°C | - | 500 | ns | 
os | Saar | beset eee 
(@01%) | Vour=ov.+10v [+7269 -850C | = | 900 | ns _| 
[esi | voueosor |” praiecaes| Peer 
(@.01%) | Vour=ov,-10v +12506,-e5ec | [900 [ns _| 
Se Ee 
Droop Rate 


NOTE: 2. The parameters listed in this table are controlled via design or process parameters and are not directly tested. These parameters are characterized 
upon initial design release and upon design changes which would affect these characteristics. 


Acquisition Time 
0.01% 


TABLE 4. ELECTRICAL TEST REQUIREMENTS 


MIL-STD-883 SUBGROUPS 
TEST REQUIREMENTS (SEE TABLES 1, 3) 
Interim Electrical Parameters (Pre Burn-in) hap Gane Var eaus bere a a ret meee 


Final Electrical Test Parameters 23 


Group A Test Requirements 


Groups C & D Endpoints 


*PDA applies to Subgroup 1 only. No other subgroups are included in PDA. 


Test Circuit 


100K 1 


100K 


50 1 


S7 


V 


* BUFFER = +1WITHS1 = 1 
BUFFER = -1WITH S1 = 2 


HA-5330/883 


(Continued) 


Test Circuit 
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a a CR BS 


waLaWVHVd GaYuNsvaN | ne NOLLISOd HOLIMS (w) 3uNSW3IW HO A iain NI) AliddW¥ 
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HA-5330/883 


Timing Waveforms 
DROOP RATE WAVEFORMS 


INPUT OV 


eae oot A 2.0V 
SAMPLE/HOLD | 
CONTROL 0.8V 


VouT 0.0V 


OVERSHOOT, RISE & FALL TIME WAVEFORMS 


VFINAL 
Vv ieee 


+V 
90% 10% 
INPUT OUTPUT 
OV S s -V 10% — 90% VEINAL 
+ tf - 
tr, f, VPEAK 
—a— ty tf 
SLEW RATE WAVEFORMS 
+V +V 2) fo aes epee $Y 
75% —————_ ——— 25% 
INPUT OUTPUT 


24 


-V -V -V -V 
+$L -SL 
al Al 
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HA-5330/883 


Burn-In Circuits 


HA-5330/883 (CERAMIC DIP) 


fy 
- 15V 
& 
D4 C4 
\/ 
HA-5330/883 (CERAMIC LCC) 
4 
5 ae 
heed banal 1 i = | 
C+IN b= -IN NC eg 
NC 118 a 
SIG. GNDL. a 
1 \/ Or 
= ij 
8 it 
a & 
S| \/ = 3 
“s 8 + 15V - 
ped BI SM +E 0 
fd Gat C2 D2 
Di Ci 
\/ 
C3 Ry fo 
\ / \/ +5V 
2 ov | 
+ 5V | 
output * | | | | 
- 5V | 
| | || 
fo T4 
NOTES: Ls Ti- T2= 1ps 
Rz = 510, 5%, 1/2 Watt (per device) T3- T4= 1ps 


C1 = Co =0.1yF (per device) 

C3 = 47pF, 10%, 50V (per device) 

Dy = Dg = 1N4002 or Equivalent (per board) 
fo = 250kHz, TTL Levels, 50% Duty Cycle 

fy = 125kHz, +5V to -5V, 50% Duty Cycle 
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HA-5330/883 


Die Characteristics 


DIE DIMENSIONS: 99 x 166 x 19 mils TRANSISTOR COUNT: 
METALLIZATION: HA-5330/883 205 
Type: Al = PROCESS: Bipolar DI 
Thickness: 16kA + 2kA DIE ATTACH: 
GLASSIVATION: Material: Gold/Silicon Eutectic Alloy 
Type: Silox 


Temperature: Ceramic DIP - 460°C (Max) 


Thickness: 14kA + 2.0kA Ceramic LCC - 420°C (Max) 


WORST CASE CURRENT DENSITY: 1.36 x 10°A/cm2 


Metallization Mask Layout 


HA-5330/883 


SS) — 
— = 
i 
ries | = i 
e = 1 
1 fa 1a SIGNAL GND. 
cee le; ; 
l=! i] EE} surety GND. 
L (Pe V+ 
OFFSET ADuJ. 
OFFSET ADu. 
V- 
oTeuT = Se S/H CONTROL 


NOTE: Pad Numbers Correspond to DIP Package Only. 
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HA-5330/883 


Packaging t 
14 PIN CERAMIC DIP 
.753 
.785 -140 
.005 MIN .170 
} i 
.200 MAX 
4 i 
060 
Azo <4 .098 MAX 
180 * .100 
2016 BSC 
023 
050" 
.065 


LEAD MATERIAL: Type B 
LEAD FINISH: TypeA 
PACKAGE MATERIAL: Ceramic, 90% Alumina 
PACKAGE SEAL: 
Material: Glass Frit 
Temperature: 450°C +10°C 
Method: Furnace Seal 


ale 


* INCREASE MAX LIMIT BY .003 INCHES 
MEASURED AT CENTER OF FLAT FOR 
SOLDER FINISH 


INTERNAL LEAD WIRE: 

Material: Aluminum 

Diameter: 1.25 Mil 

Bonding Method: Ultrasonic 
COMPLIANT OUTLINE: 38510 D-1 


20 PAD CERAMIC LCC 


PAD MATERIAL: Type C 
PAD FINISH: Type A 
FINISH DIMENSION: Type A 
PACKAGE MATERIAL: Multilayer Ceramic, 90% Alumina 
PACKAGE SEAL: 
Material: Gold/Tin (80/20) 
Temperature: 320°C +10°C 
Method: Furnace Braze 


NOTE: All Dimensions are aa Dimensions are in inches. 
ax 


F226 


SAMPLE & HOLD 
AMPLIFIERS 


INTERNAL LEAD WIRE: 

Material: Aluminum 

Diameter: 1.25 Mil 

Bonding Method: Ultrasonic 
COMPLIANT OUTLINE: 38510 C-2 


¢ Mil-M-38510 Compliant Materials, Finishes, and Dimensions. 
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DESIGN INFORMATION 


Applying the HA-5330 


The HA-5330 has the uncommitted differential inputs of an 
op amp, allowing the Sample/Hold function to be combined 
with many conventional op amp circuits. See the Harris 
Application Note 517 for a collection of circuit ideas. 


Layout 


A printed circuit board with ground plane is recommended 
for best performance. Bypass capacitors (0.01 to 0.1uF, 
ceramic) should be provided from each power supply 
terminal to the S'"pply Gnd terminal on pin 11. 


Applications 


The HA-5330 is configured as a unity gain noninverting 
amplifier by simply connecting the output (pin 7) to the 
inverting input (pin 14). As an input device for a fast, 
successive-appoximation A/D converter, it offers an 
extremely high throughput rate. Also, the HA-5330’s 
pedestal error is adjustable to zero by using an Offset 
Adjust potentiometer (10K to 50K) center tapped to V-. 


The ideal ground connections are pin 12 (Signal Ground) 
directly to the system Signal Ground (Analog Ground), and 
pin 11 (Supply Ground) directly to the system Supply 
Common. 


Hold Capacitor 


The HA-5330 includes a Q9O0pF MOS hold capacitor, 
sufficient for most high speed applications (the Electrical 
Characterisitics section is based on this internal capacitor). 


Output Stage 


The HA-5330 output circuit does not include short circuit 
protection, and consequently its output impedance remains 
low at high frequencies. Thus, the step changes in load 
current which occur during an A/D conversion are 
absorbed at the S/H output with minimum voltage error. 
A momentary short circuit to ground is permissible, but the 
output is not designed to tolerate a short of indefinite 
duration. D.C. Output Resistance at +25°C is typically 
1 x 10-52 for Sample Mode and 0.22 for Hold Mode. 


The information contained in this section has been developed through characterization by Harris Semiconductor and is for 
use as application and design data only. No guarantee is implied. 


HA-5330 


Very High Speed Precision Monolithic 


Sample and Hold Amplifier 


Glossary of Terms 


Acquisition Time: 

The time required following a “sample” command, for the 
output to reach its final value within +0.1% or +0.01%. This 
is the minimum sample time required to obtain a given 
accuracy, and includes switch delay time, slewing time and 
settling time. 


Aperture Time: 


The time required for the sample-and-hold switch to open, 
independent of delays through the switch driver and input 
amplifier circuitry. The switch opening time is that interval 
between the conditions of 10% open and 90% open. 


Hold Step Error: 


Hold step error is the output shift due to charge transfer 
from the sample to the hold mode. It is also referred to as 
“offset step” or “pedestal error’. 


HOLD STEP ERROR vs S/H CONTROL RISE TIME 


mV 


HOLD STEP ERROR 


20 40 60 80 100 


RISE TIME (ns) OV TO 3.5V 


Effective Aperture Delay Time (EADT): 


The difference between propagation time from the analog 
input to the S/H switch, and digital delay time between the 
Hold command and opening of the switch. 


EADT may be positive, negative or zero. If zero, the S/H 
amplifier will output a voltage equal to Vij at the instant the 
Hold command was received. For negative EADT, the out- 
put in Hold (exclusive of pedestal and droop errors will 
correspond to a value of Vix, that occured before the Hold 
command. 


Aperture Uncertainty: 


The range of variation in Effective Aperture Delay Time. 
Aperture Uncertainty (also called Aperture Delay 
Uncertainty, Aperture Time Jitter, etc.) sets a limit on the 
accuracy with which a waveform can be reconstructed from 
sample data. 
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HA-5330 
DESIGN INFORMATION (continued) 


The information contained in this section has been developed through characterization by Harris Semiconductor and is for 
use as application and design data only. No guarantee is implied. 


TYPICAL PERFORMANCE CHARACTERISTICS 


Device Characterized at V+ = +15V, V- = -15V, Vip. = 0.8V (Sample), Vip; = 2.0V (Hold), Cy = Internal = 90pF, 
SIG. GND. = Supply GND., -Input Tied to Output; Unless Otherwise Specified. 


PARAMETERS CONDITIONS TEMP UNITS 


Hold Step Error VIN = OV, Vip = +3.5V +25°C mV 
tr = 22ns 
ae Pee Set 
Vj =200mV Step 
Ry = 2kQ, Cy = 50pF 


Slew Rate Vj =20V Step +25°C V/us 
Ry = 2k, Cy = 50pF 


Aperture Time From Computer Simulation Only | +250¢ | 20 | 
Ce ee a, 


Rise Time 


Vj =200mV Step 
Ry = 2kQ, C, = 50pF 


Overshoot 


Output Resistance 
Hold Mode 
Sample Mode 


Input Resistance 


Input Capacitance 


Total Output Noise 
Sample 
Hold 
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HARRIS ARCHITECT™ is a Trademark of Harris Corporation. 
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HARRIS SEMICONDUCTOR CICD 


Harris Custom/Semicustom IC capabilities are outlined in this section for your high performance 
systems designs. 


e Serve the high-rel strategic and tactical government ASIC systems, high-performance 
commercial and industrial systems, and commercial secure communications systems. 


LEADERSHIP 


e Top supplier of custom and semicustom analog and digital rad hard and non-rad 
hard ICs 


e Stable government supplier with long-term commitment to served markets. Part of Harris 
Corporation, major vertically integrated defense contractor 


e Authority on military standards, certification, and testing issues — class “B” and class ‘“S” 
facilities 

e Radiation Hardened Custom/Semicustom Leader 

e Secure Communications leader 

e Proven knowledge-based, front-to-back CAE tools based on open system framework 
concept, as well as Daisy”, Mentor”, CAE systems 

e SOI process leadership - next generation hardness technology 

e VHSIC process capabilities 

e Mixed analog/digital for custom/ applications 

e Multiple CMOS, Bipolar and BIMOS processing capabilities 

e Leadership in strategic programs 


e High-performance commercial ASICs — high voltage, high temperature, harsh 
environment experience 


Contact CICD Marketing for more information (407) 729-5757 
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SEMICUSTOM 
CELL LIBRARY 
ee 


HSC1000RH Radiation Hardened Dual Level Metal CMOS Standard Cell Library 


e Low power CMOS process 
e 2.0 micron channel lengths (1.25 micron effective) 
e Dual level metal interconnect 

e Guaranteed hardened against radiation 


NO Ore i tO ee ee ee > 2x 10° RAD-Si 
Pee ae. ee Ke > 1x 10° RAD-Si/s 
> betcha p nee te. ee) Tee > 1x 10'? RAD-Si/s 


> Functional after 10° total dose radiation 

800ps typical 2-input nand gate delay with a fanout = 2 
1O00MHz Flip-Flop Toggle Frequency 

Supports gate counts to 13K 

Over 200 primitive and macrocell functions 

Complex function megacells 

Supported on Harris Architect™, Daisy™ and Mentor Graphics™ Design Systems 
CMOS/TTL compatible I/O's 

Military temperature ranges 

Proven reliable and manufacturable process 

Extensive packaging options 

Screening and qualification to Mil-Std-883C Method 5004/5005, Class B 
Space and class ‘S’ screens and qualifications 

Function compatible with the HSC1000 Non-Radiation Hardened Library 


Dual Level Metal CMOS Standard Cell Library HSC1000 


Low power CMOS process 

1.5 micron channel lengths (1.0 micron effective) 

Dual level metal interconnect 

800ps typical 2-input nand gate delay with a fanout = 2 

100MHz flip-flop toggle frequency 

Supports gate counts to 25K 

Over 200 primative and macrocell functions 

Complex function megacells 

RAM and ROM Module Compilers 

Supported on Harris Architect™, Daisy” and Mentor Graphics® Design Systems 
CMOS/TTL compatible !/O’s 

Commercial-Industrial-Military Temperature Ranges 

Proven reliable and manufacturable process 

Extensive packaging options 

Screening and qualification to Mil-Std-883C Method 5004/5005, Class B 
Space and class ‘S’ screens and qualifications 

Function compatible with the HSC 1000RH Radiation Hardened Library 
es ee ee a a ae ee ee gg te 
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SEMICUSTOM CELL 
LIBRARY 


CMOS/Analog/ Digital Cell Library 


Features 


e Fast turn, low risk ASIC with high performance 

e High level of integration provides “system on a chip” capability 

e Switched-capacitor methods provide wide variety of analog circuit functions. 
e Low power — CMOS technology 

e +5 volt or 0-10 volt power supply operation 

e Available now for Custom Applications 

e CMOS and TTL inputs and outputs 

e 32 analog cells — operational amplifiers, comparators, voltage references and bias 
circuits, switch cells 

Multiple packaging options 

e Military Class B or S equivalent flow 


” 
o 
n 
< 


SEMICUSTOM 


DESIGN TOOLS 
se esac siemens heim ape oceania cin 


Toolkit for Daisy™ 


Features 


Compatible with standard Daisy platforms — supports standard Daisy Tools 

e Supports Harris Standard Cell, Gate Array* and Compiled Functions* 

e Schematic capture, simulation and netlisting for SSI, MSI, LS! Macrofunctions and 
RAM/ROM Compilers 

e 1.5 micron Non-rad Hard (HSC1000) and 2.0 micron Rad Hard (HSC1000RH) Libraries 
are available today 

e Simulation capabilities include min/typ/max delays for all functions. Post radiation 

simulation supported for HSC1000RH 

Back annotation of fanout and routed delays 

Supports DED II and ACE Schematic Capture — DeMorgan Symbols for many functions 

e Additional Harris tools enhance Daisy productivity 


> Chip Statistics > Design Plotting 
> Som Maker > Fanout Checker 
> PinLister dep aa" 


e Classified design area with Daisy available at Harris 


*Gate Array support planned for Q2, CY 1989, Compiler Support provided as a Harris custom service. 


Toolkit For Mentor Graphics® 


e Supports Harris Standard Cell, Gate Array* and Compiled Functions* 

e Schematic capture, simulation and netlisting for SSI, MSI, LSI Macrofunctions and 
RAM/ROM Compilers 

e Accurate, efficient behavioral models 

e Ability to integrate with Mentor Graphics Board-Level Simulations 

e 1.5 micron Non-rad Hard (HSC1000) and 2.0 micron Rad Hard (HSC100ORH) Libraries 
are available today 

e Simulation capabilities include min/typ/max delays for all functions 

e Post radiation simulation supported for HSC1O00RH 

e Back annotation of fanout delays 

e Additional Harris Design Management Tools enhance Mentor Graphics productivity: 
> Comprehensive Electrical Rule Checking (ERCs) 
> Design Statistics Generation > Tester Interface 
> Design Status (Audit Trail) > Design Transfer 


*Gate Array support planned for Q2, CY 1989, Compiler Support provided as a Harris custom service. 


CUSTOM/SEMICUSTOM 


CIRCUIT TECHNOLOGY 
Minimum Feature Size 


PMOS (Digital) 

MGCMOS (metal gate)(Digital) 
SAJI | (Digital) 

SAJI IV (Digital) 

Scaled SAJI IV (Digital) 

SAJI VH (Digital) 


SAJI IVA (Analog/Digital) 
RH-7 (VHSIC-LIKE) (Analog/Digital) 
L7 


Gamma III (Digital) 
S7 (Digital) 


BIPOLAR 


High Freq. Process (HFP) (Analog) 
Linear ALPS (Analog) 
High Current Linear (HCL) (Analog) 
Advanced Low Power 

Schottky (Digital) 
BIMOS* (Digital) 
Very High Freq. Process (VHFP) 
(Analog/Digital) 


NO BO RP DO HH] ND HH FS SK A 


DIGI-1,-11 1.0 
MMIC AS) 


or 


ASICs 


CUSTOM BIPOLAR 
ANALOG PROCESSES 


CUSTOM BIPOLAR LINEAR PROCESSES 


Junction 
Isolation 


e Low-to-medium frequency 
amplifiers 

e Low Speed, non-saturated 

logic 


Dielectric 
Isolation 


Dielectric BiFET* 300 40 Yes 
Isolation 
Dielectric High 300 40 Yes 
Isolation Frequency 
e Clock drivers 


e Mixed digital/analog 
switching 

e Sense amplifiers 

e Line drivers 

e Line receivers 


e Analog switches 
e Operational amplifiers 
e Sample-and-holds 


e High-frequency amplifiers 
e Rad-hard amplifiers 
e Comparators 


e Power relay drivers 


Dielectric High 250 40 40 Yes 
Isolation Current 
e Voltage regulators 
Dielectric High 2 200 25 Yes e High-voltage amplifiers 
Isolation Voltage 
1 
e High-performance amplifiers 
e Data conversion 
Yes e Flash converters 
e Sense amplifiers 
e High Speed amplifiers 


: cai 
Dielectric CMOS/ 50 300 35 t 35** Yes e Analog switches 
Isolation Bipolar 
e Pin diode driver 
e Mixed analog/digital 


00 


“Vp = 1V to 2V, BVpss = 20V, **VTP = 1V to 3V, BVDSS = 40V, tVTN = 1V to 3V, BVpss = 40V 


CUSTOM INTERFACE 
PROCESSES 


CUSTOM INTERFACE PROCESSES 


Operating Output 
Process Features Isolation Voltage Drive 

SLIC Dielectric >65 Volts 25MA @ Subscriber Line 
e Interface Ckts. 


High-Current NPN; PNP Dielectric >40 Volts 500MA Yes e Power Mosfet Driver 
Linear NiCr Resistors e Bubble Memory Function Driver 
Schottky Diodes e Voltage Regulators 
Std. Lin. NPN; PNP Dielectric >35 Volts 5OMA Yes e Current Booster 
NiCr Resistors 
Jl JFET NPN; PNP Junction >35 Volts 50MA Yes e Amp. with JFET input 
JFETs 
NiCr Resistors 


High Freq. NPN; PNP Dielectric >30 Volts 100MA Yes e Amplifiers 
Linear NiCr Resistors e Precision J-FET Op-Amps 
JFETs 
MSIA NPN; Dielectric >20 Volts 200MA Yes e CCD clock driver 
(Gold Doped) NiCr Resistors 
LCMOS P-Channel Dielectric >30 Volts 80MA e Interface Switches 
P-Channel e Analog Multiplexers 


Rad-Hard 
Option Applications 


Yes 
Ss 


BIPMOS N-Channel Dielectric >35 Volts ‘| 5OMA Ye e Op-Amps 
P-Channel e Comparators 
NPN; PNP e Sample and Hold 
CMOS Si-Gate N-Channel Dielectric >25 Volts 25MA Yes @ Analog Multiplexer 
P-Channel e D-to-A Converters 
NPN; PNP 


NiCr Resistors 
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Harris Quality & Reliability 


Introduction 


Success in the integrated circuit industry means more 
than simply meeting or exceeding the demands of 
today’s market. It also includes anticipating and 
accepting the challenges of the future. It results from 
a process of continuing improvement and evolution, 
with perfection as the constant goal. 


Harris Semiconductor’s commitment to supply only 
top value integrated circuits has made quality im- 
provement a mandate for every person in our work 
force — from circuit designer to manufacturing opera- 
tor, from hourly employee to corporate executive. 
Price is no longer the only determinant in marketplace 
competition. Quality, reliability, and performance en- 
joy significantly increased importance as measures of 
value in integrated circuits. 


Quality in integrated circuits cannot be added on or 
considered after the fact. It begins with the develop- 
ment of capable process technology and product 
design. It continues in manufacturing, through effec- 
tive controls at each process or step. It culminates in 
the delivery of products which meet or exceed the 
expectations of the customer. 


The Role of The Quality Organization 


The emphasis on building quality into the design and 
manufacturing processes of a product has resulted in 
a significant refocus of the role of the Quality organi- 
zation. In addition to facilitating the development of 
SPC and DOX programs and working with manufac- 
turing to establish control charts, Quality profession- 
als are involved in the measurement of equipment 
capability, standardization of inspection equipment 
and processes, procedures for chemical controls, 
analysis of inspection data and feedback to the manu- 
facturing areas, coordination of efforts for process 
and product improvement, optimization of environ- 
mental or raw materials quality, and the development 
of quality improvement programs with vendors. 


At critical manufacturing operations, process and 
product quality is analyzed through random statistical 
sampling and product monitors. The Quality organi- 
zation’s role is changing from policing quality to 
leadership and coordination of quality programs or 


IMPACT ON OPTIMIZATION 
PRODUCT 
QUALITY STAGE Ill 


procedures through auditing, sampling, consulting, 
and managing Quality Improvement projects. 


To support specific market requirements, or to ensure 
conformance to military or customer specifications, 
the Quality organization still performs many of the 
conventional quality functions (e.g., group testing for 
military products or wafer lot acceptance). But, true to 
the philosophy that quality is everyone’s job, much of 
the traditional on-line measurement and control of 
quality characteristics is where it belongs — with the 
people who make the product. The Quality organiza- 
tion is there to provide leadership and assistance in 
the deployment of quality techniques, and to monitor 
progress. 


The Improvement Process 


STAGE IV 


PRODUCT 


PROCESS 
OPTIMIZATION 


STAGE Il 


PROCESS 
CONTROL 


STAGE | 


PRODUCT 
SCREENING 


SOPHISTICATION OF 
QUALITY TECHNOLOGY 


FIGURE 1. STAGES OF STATISTICAL QUALITY TECHNOLOGY 


Harris Semiconductor’s quality methodology is evolv- 
ing through the stages shown in Figure 1. In 1981 we 
embarked on a program to move beyond Stage I, and 
we are currently in the transition from Stage Il to Stage 
lll, as more and more of our people become involved 
in quality activities. The traditional “quality” tasks of 
screening, inspection, and testing are being replaced 
by more effective and efficient methods, putting new 
tools into the hands of all employees. Table 1 illus- 
trates how our quality systems are changing to meet 
today’s needs. 
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TABLE 1. TYPICAL ON-LINE MANUFACTURING/QUALITY FUNCTIONS 


Wafer Fab 


e@ JAN Self-Audit 
e Environmental 
- Room/Hood Particulates 
- Temperature/Humidity 
~ Water Quality 
e Product 
- Junction Depth 
- Sheet Resistivities 
- Defect Density 
- Critical Dimensions 
- Visual Inspection 
- Lot Acceptance 
e Process 
- Film Thickness 
- Implant Dosages 
~ Capacitance Voltage Changes 
- Conformance to Specification 
© Equipment 
- Repeatability 
- Profiles 
- Calibration 
- Preventive Maintenance 


e JAN Self-Audit 
e Environmental 
- Room/Hood Particulates 
- Temperature/Humidity 
- Water Quality 
¢ Product 
- Documentation Check 
- Dice Inspection 
- Wire Bond Pull Strength/Controls 
- Die Sear Controls 
- Pre-Seal Visual 
- Fine/Gross Leak 
- PIND Test 
- Lead Finish Visuals, Thickness 
- Die Shear 
- Solderability 
Process 
- Operator Quality Performance 
- Saw Controls 
- Die Attach Temperatures 
- Seal Parameters 
- Seal Temperature Profile 
- Sta-Bake Profile 
- Temp Cycle Chamber Temperature 
- ESD Protection 
- Plating Bath Controls 
- Mold Parameters 


JAN Self-Audit 
Temperature/Humidity 
ESD Controls 
Temperature Test Calibration 
Test System Calibration 

Test Procedures 

Control Unit Compliance 

Lot Acceptance Conformance 
Group A Lot Acceptance 


JAN Self-Audit 
Wafer Repeat Correlation 
Visual Requirements 
Documentation 
Process Performance 


x< 


<< 


x | KKK OX 


Assembly 


< KX 


x KK KK OX 


x KK KK KK OK OK OK 


TABLE 1. TYPICAL ON-LINE MANUFACTURING/QUALITY FUNCTIONS (CONTINUED) 


JAN Self-Audit 
Functionality Board Check 
Oven Temperature Controls 
Procedural Conformance 


JAN Self-Audit 

ESD Controls 

Brand Permanency 

Tem perature/Humidity 
Procedural Conformance 


e JAN Self-Audit 
Group B Conformance 
e Group C and D Conformance 


QCl Inspection 


Designing For Manufacturability 


Assuring quality and reliability in integrated circuits 
begins with good product and process design. This 
has always been a strength in Harris Semiconductor's 
quality approach. We have a very long lineage of high 
reliability, high performance products that have re- 
sulted from our commitment to design excellence. All 
Harris products are designed to meet the stringent 
quality and reliability requirements of the most de- 
manding end equipment applications, from military 
and space to industrial and telecommunications. The 
application of new tools and methods has allowed us 
to continuously upgrade the design process. 


Each new design is evaluated throughout the devel- 
opment cycle to validate the capability of the new 
product to meet the end market performance, quality, 
and reliability objectives. 


The validation process has four major components: 
1. Design simulation/optimization 

2. Layout verification 

3. Product demonstration 

4. Reliability assessment. 


Harris designers have an extensive set of very powerful 
Computer-Aided Design (CAD) tools to create and 
optimize product designs (see Table 2). 


FUNCTION 


MANUFACTURING QA/QC MONITOR 
CONTROLS AUDIT 


X 
X 
X 
X 
X 
X 


TABLE 2. APPROACH AND IMPACT OF STATISTICAL 
QUALITY TECHNOLOGY 


APPROACH IMPACT 


Limited Quality 
Costly 
After-The-Fact 


x «KK LK KK KK] OX 


Product 
Screening 


Stress and Test 
Defective Prediction 


Statistical Process 
Control 
Just-In-Time 
Manufacturing 


Process 
Control 


Identifies Variability 
Reduces Costs 
Real Time 


Process 
Optimization 


Design of Experi- 
ments 
Process Simulation 


Minimizes Variability 
Before-The-Fact 


Product 
Optimization 


Design for Produc- 
ibility 
Product Simulation 


Insensitive to Vari- 
ability 
Designed-In Quality 


e Optimal Results 


Special Testing 


Harris Semiconductor offers several standard screen 
flows to support a customer's need for additional test- 
ing and reliability assurance. These flows include 
environmental stress testing, burn-in, and electrical 
testing at temperatures other than +25°C. The flows 
shown on pages 9-6 and 9-7 indicate the Harris 
standard screening processes. In addition, Harris can 
supply products tested to customer specifications 
both for electrical requirements and for non-standard 
environmental stress screening. Consult your field 
sales representative for details. 
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Harris Semiconductor Standard Processing Flows 


LASER 
TRIMMING 
AT BOTH 
PACKAGE AND 
WAFER LEVELS 


HIGH/ROOM 
TEMP 
PROBE TEST 


DIE ATTACH 
CONTROL 
WIRE BOND 
CONTROL 


PRE-SEAL 
WASH IN 
LAMINAR 

FLOW 


PRE-SEAL 
VISUAL 
INSPECTION 
IN CLASS 100 
LAMINAR 
FLOW 


PARTICLE 
IMPACT NOISE 
DETECTION 


REQUIRED 


(1) Example for a Cerdip Package Part 


PROBE/DICE 
PREPARATION 


ASSEMBLY (1) 
O OPERATION 
QA MONITOR 


LEAD FRAME CLEAN 


DIE AND FRAME ATTACH 
CONTROL 


* QADIE ATTACH 
CONTROL (SPC) 


WIRE BOND 


* QAWIRE BOND 
CONTROL 


PRE-SEAL CLEAN 
PRE-SEAL INSPECT 


* QAPRE-SEAL INSPECT 
GSI INSPECTION 
CERDIP SEALING 

SEAL CONTROL 
TEMPERATURE CYCLE 
CENTRIFUGE 

TIN-PLATING 


% QATIN-PLATING 
INSPECT 


FINE LEAK TEST 


GROSS LEAK TEST 


PIND TEST 


FRAME REMOVAL 
LOAD SHIPPING TUBES 
% QAFINAL INSPECT 


* QA DOCUMENTATION 
INSPECT 
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JAN CLASS B 


VISUAL 
INSPECTION 
PER 
MIL-STD-883 
METHOD 2010 
CONDITION B 
WITH QC 
MONITOR 


YES 
YES 


2-HOUR 


YES 
2-HOUR 


YES 


PER 
MIL-STD-883 
METHOD 2010 
CONDITION B 


YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 


YES 


YES 


AS 
APPLICABLE 


YES 
YES 
YES 
YES 


Harris Semiconductor Standard Processing Flows 
(Continued) 


AC/DC SINGLE 
INSERTION TEST 
CAPABILITY; 
HIGH/LOW TEMP 


QUALITY 
CONFORMANCE 
GROUPS A, B, C, 

AND DAS 

REQUIRED 


DELTAS PER 
SLASH SHEET 
REQUIREMENT 
IF APPLICABLE 


TEST (2) 
O OPERATION 
QA MONITOR 


ELECTRICAL TEST SORTING 
OPERATION 


SERIALIZE 


PRE BURN-IN ELECTRICAL 
TEST 


BURN-IN (38) 


POST BURN-IN TEST 
% ALTERNATE GROUP A 


APPLY BURN-IN PDA 
(AS APPLICABLE) 


JAN CLASS B 


IF 
APPLICABLE 


YES 
160-HOUR @ 


+125°C, OR 
PER 


SLASH SHEET 
YES 
YES 
YES 


SOLDERDIP YES 

FINE LEAK TEST YES 

IN-HOUSE GROSS LEAK TEST YES 

MASS BRAND YES 

SPEC EXTERNAL VISUAL YES 

CAPABILITY 

* QUALITY GROUP A,B, 

CONFORMANCE GD 


COMPUTERIZED 
LOT 


TRACEABILITY 
MONITORING 
SYSTEM 


INSPECTION 


FINAL DATA REVIEW 


PACKAGE & SHIP 
OR STOCK 


HARRIS QUALITY 
& RELIABILTY 


(2) -55°C TO +125°C 
(3) Burn-In test temperatures can be increased and time reduced per regression tables in Mil-Std-883, Method 1015. 
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TABLE 3. SUMMARIZING CONTROL APPLICATIONS 


¢ Diffusion © Thin Film 
- Junction Depth - Film Thickness 
- Sheet Resistivities - Uniformity 
- Oxide Thickness - Refractive Index 
- Implant Dose Calibration - Film Composition 


- Uniformity 


e Pre-Seal © Post-Seal 


~ Handlers/Test Systems 
- Defect Pareto Charts 

- Lot % Defective 

- ESD Failures per Month 


e 1QC 
- Vendor Performance 
- Material Criteria 
- Quality Levels 


© Environment 
- Water Quality 
- Clean Room Control 


Controlling and Improving the 
Manufacturing Process - SPC/DOX 


Statistical process control (SPC) is the basis for quality 
control and improvement at Harris Semiconductor. 
Harris manufacturing people use over 1,000 Shewhart 
control charts to determine the normal variabilities in 
processes, materials, and products. Critical process 
variables are measured and control limits are plotted on 
the control charts. Appropriate action is taken if the 
charts show that a variable is outside the process con- 
trol limits or indicates a trend toward the limit. These 
Same control charts are powerful tools for use in reduc- 
ing variations in processing, materials, and products. 
Table 3 lists some typical manufacturing applications 
of control charts at Harris Semiconductor. 


But SPC is only part of the solution. Processes which 
operate in statistical control are not always capable of 
meeting engineering requirements. The conventional 
way of dealing with this in the semiconductor industry 
has been to implement 100% screening or inspection 
Steps to remove defects, but these techniques are in- 
sufficient to meet today’s demands for the highest relia- 
bility and perfect quality performance. 


Harris still uses screening and inspection to “grade” 
products and to satisfy specific customer requirements 
for burn-in, multiple temperature test insertions, 
environmental screening, and visual inspection as val- 
ue-added testing options. However, inspection and 
screening are limited in their ability to reduce product 


es es eee, en are 


Rs eo ee er ome ae eae 


- Die Prep Visuals - Internal Package Moisture 
- Yields - Tin Plate Thickness 
- Die Attach Heater Block - PIND Defect Rate 
- Die Shear - Solder Thickness 
- Wire Pull - Leak Tests 
- Saw Blade Wear - Module Rm. Solder Pot Temp. 
- Pre-Cap Visuals - Seal 
- Temperature Cycle 


ps ee eee ee 


® Measurement Equipment 
- Critical Dimension 


© Photo Resist 
- Critical Dimension 


- Resist Thickness - Film Thickness 
- Etch Rates - 4Point Probe 
- Ellipsometer 


® Measurement 
- XRF 
- Radiation Counter 
- Thermocouples 
- GM-Force Measurement 


- Monitor Failures 
- Lead Strengthening Quality 
- After Burn-in PDA 


¢ IQC Measurement/Analysis 

- XRF 

- ADE 

- 4 Point Probe 

- Chemical Analysis Equipment 


defects to the levels expected by today’s buyers. In ad- 
dition, screening and inspection have an associated 
expense, which raises product cost. 


Harris engineers are, instead, using Design of Experi- 
ments (DOX), a scientifically disciplined mechanism for 
evaluating and implementing improvements in product 
processes, materials, equipment, and facilities. These 
improvements are aimed at reducing the number of de- 
fects by studying the key variables controlling the pro- 
cess, and optimizing the procedures or design to yield 
the best result. This approach is a more time- 


TABLE 4. HARRIS 1.C. DESIGN TOOLS 


PRODUCTS 
ANALOG DIGITAL 


gt = 


Proteous 
Socrates 
Parametric Slice 
Simulation Monte Carlo 
Schematic Note 1 Daisy 
Capture 


Functional 
Simulation 


SDA-Mass Comp 


Functional SDA-LVS 
Checking 

Rules Calma-DRC Harris Dash 
Checking 

Parasitic SDA-LVS 
Extraction 


NOTE 1. Tools are in Development. 
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consuming method of achieving quality perfection, 
but a better product results from the efforts, and the 
basic causes of product nonconformance can be 
eliminated. 


SPC, DOX, and design for manufacturability, coupled 
with our 100% test flows, combine in a product assur- 
ance program that delivers the quality and reliability 
performance demanded for today and for the future. 


Average Outgoing Quality (AOQ) 


Average Outgoing Quality is a yardstick for our 
success in quality manufacturing. The average out- 
going electrical defective is determined by randomly 
sampling units from each lot and is measured in parts 
per million (PPM). The current procedures and 
sampling plans outlined in MIL-STD-883 and MIL- 


M-38510 are used by our quality inspectors. 
1000 
s00 
800 
700 
S 600 
& 
~ 500 
o 
2 400 
300 
200 
100 
Oo 
Qi Q2 Q3 Q4 Q1 Q2 Q3 Q4 Qi Q2 Q3 Q4 


FY 86 FY 87 FY 88 


FIGURE 2. DEFECTIVE PARTS PER MILLION 


The focus on this quality parameter has resulted in a 
continuous improvement over the past three years. 
AOQ has improved from 1,000 PPM to less than 100 
PPM, and the goal for 1989 is to continue improve- 
ment toward a goal of O PPM. 


Training 


The basis of a successful transition from conventional 
quality programs to more effective, total involvement 
is training. Extensive training of personnel involved in 
product manufacturing began in 1984 at Harris, with 
a comprehensive development program in statistical 
methods. Using the resources of the University of 
Tennessee, private consultants, and internally devel- 
oped programs, training of over 2,000 engineers, 
supervisors, and operators/technicians has been 
completed. 


Nearly 1,000 operators, 100 supervisors, and more 
than 800 engineers have been trained in SPC 
methods, providing them with tools to improve the 
overall level of uniformity of Harris products. Almost 
300 engineers have received training in DOX 
methods: learning to evaluate changes in process op- 
erations, set up new processes, select or accept new 
equipment, evaluate materials, select vendors, com- 
pare two or more pieces of equipment, and compare 
two or more process techniques. 


Over the past four years, Harris has also deployed a 
comprehensive training program for hourly operators 
and supervisors in job requirements and functional 
skills. All hourly manufacturing employees participate 
(see Table 5). 


TABLE 5. SUMMARY OF TRAINING PROGRAMS 


Engineers and Managers 


DOX 
(Design of 
Experiments) 


RSM 
(Response Surface 
Methods) 


Engineers and Managers 


Engineers and Managers 


Continuous Manufacturing Supervisors 
Improvement 


Methods 


SPC- 
The Essentials 


Department-Level 
Work Groups 


SPC Manufacturing Operators 
SPC Manufacturing Supervisors 


TOPICS COVERED 


Basic Philosophy, Statistical Calculations 
Graphing Techniques, Pareto Charts, Control Charts 


Basic Philosophy, Statistical Calculations 
Graphing Techniques, Pareto Charts, Control Charts, 

Testing for Inspector Agreement, Cause & Effect Diagrams, 
1 & 2 Sample Methods 


Basic Philosophy, Graphical Methods, Control Charts, 
Rational Subgrouping, Variance Components, 1 & 2 
Sample Methods, Pareto Charts, Cause & Effect Diagrams 


Factorial Designs, Fractional Factorial Designs, 
Blocking Designs, Variance Components, 
Computer Usage, Normal Probability Plotting 


Steepest Ascent, Central Composite Designs, 
Box-Behnken Designs, Computer Usage, 
Contour Plotting, Second Order Response Surfaces 


Basic Philosophy, Pareto Analysis, Imagineering, 
Run Charts, Cause & Effect Diagrams, Histograms, 
Ideas of Control Charts 


Basic Philosophy, of Continous Improvement, Imagineering 
Pareto Charts, Cause & Effect Diagrams, Flow Charts, 
Graphical Display, Control Charts, Ideas of Experiment 
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Incoming Materials 


With statistical procedures in place to improve quality 
in the manufacturing operation, the impact of silicon, 
chemicals, gases, and other materials used in 
processing the product has become more measura- 
ble. Quality and consistency are important; it is logical 
to feed the manufacturing line with materials 
manufactured by vendors using equivalent statistical 
controls. 


In order to ensure optimum quality of materials pur- 
chased from vendors, Harris initiated and coordinated 
an aggressive program to link key suppliers to our 
manufacturing operations. This network is formed by 
certifying strategic vendors who meet the highest 


quality standards while demonstrating a commitment 
to the use of statistical controls in their manufacturing 
operations. 


SPC seminars, development of open working relation- 
ships, understanding of manufacturing needs and 
vendor capabilities, and continual improvement prog- 
rams are all part of the certification process. Certified 
Suppliers have passed stringent quality and SPC 
audits, while continuing to supply material with 100% 
conformance to Harris requirements. 


In addition to the certification process, Harris has 
worked to promote improved quality in the perform- 
ance of all our qualified vendors, who must meet 
rigorous incoming inspection criteria (see Table 6). 


TABLE 6. INCOMING QUALITY CONTROL MATERIAL QUALITY CONFORMANCE 


MATERIAL 


Silicon 


Resistivity 

Crystal Orientation 
Dimensions 

Edge Conditions 

Taper 

Thickness 

Total Thickness Variation 
Backside Criteria 
Oxygen 

Carbon 


Chemicals/Photoresists/ 
Gases 


¢ Chemicals 
- Assay 

- Major Contaminants 
Molding Compounds 

- Spiral Flow 

- Thermal Characteristics 
e Gases 

- Impurities 


Photoresists 

- Viscosity 

- Film Thickness 
- Solids 

- Pinholes 


Thin Film Materials 


e Assay 
e Selected Contaminants 


Assembly Materials Visual Inspection 
Physical Dimension Checks 
Lead Integrity 

Glass Composition 
Bondability 

Intermetallic Layer Adhesion 
lonic Contaminants 

Thermal Characteristics 
Lead Coplanarity 

Plating Thickness 
Hermeticity 


INCOMING INSPECTIONS 


VENDOR DATA REQUIREMENTS 


Equipment Capability Control Charts 

- Oxygen 

- Resistivity 

¢ Control Charts Related to 

- Enhanced Gettering 

- Total Thickness Variation 

- Total Indicated Reading 

- Particulates 

Certificate of Analysis for all Critical Parameters 


Certificate of Analysis on all Critical Parameters 
¢ Control Charts 

- Assay 

- Contaminants 

- Water 

- Selected Parameters 


© Control Charts 
- Assay 

- Contaminants 
Control Charts on 
- Photospeed 

- Thickness 

- UV Absorbance 
- Filterability 

- Water 

- Contaminants 


Control Charts 
- Assay 

- Contaminants 

- Dimensional Characteristics 

Certificate of Analysis for all Critical Parameters 


Certificate of Analysis 
¢ Process Control Charts on Outgoing Product 
Checks and In-Line Process Controls 


Manufacturing Science - CAM, JIT 


In addition to SPC and DOX as key tools to contro! the 
product and processes, Harris is deploying other 
management mechanisms in the factory. On first 
examination, these tools appear to be directed more 
at schedules and capacity. However, they have a sig- 
nificant impact on quality results. 


Computer Aided Manufacturing (CAM) 


CAM is a computer based inventory and productivity 
management tool which allows personnel to quickly 
identify production line problems and take corrective 
action. In addition, CAM improves scheduling and 
allows Harris to more quickly respond to changing 
customer requirements and aids in managing work in 
process (WIP) and inventories. 


The use of CAM has resulted in significant improve- 
ments in many areas. Better wafer lot tracking has 
facilitated a number of process improvements by cor- 
relating yields to process variables. In several places 
CAM has greatly improved capacity utilization 
through better planning and scheduling. Queues have 
been reduced and cycle times have been shortened 
— in some cases by as much as a factor of 2. 


The most dramatic benefit has been the reduction of 
WIP inventory levels, in one area by 500%. This re- 
sults in fewer lots in the area and a resulting quality 
improvement. In wafer fab, defect rates are lower be- 
cause wafers spend less time in production areas 
awaiting processing. Lower inventory also improves 
morale and brings a more orderly flow to the area. 
CAM facilitates all of these advantages. 


3 STEPPERS 
3 PE’S 


ti 


INSPECT y DEV 
Vas 


Just In Time (JIT) 


A key adjunct to the CAM activity is Just In Time (JIT) 
material management. This is more than an inventory 
reduction technique: in many cases it involves 
reorganization of facilities and people. The essential 
concept is to formy work units that are responsible for 
doing the whole job rather than bits of it. An employee 
has control over equipment, maintenance, cleanli- 
ness, scheduling, material, quality, and improve- 
ments. 


In one Harris example, a photoresist flow consisting 
of several steps was previously organized in the clas- 
sical departmentalized way. The inspection and etch 
areas were in different serial locations from the depo- 
sition and alignment areas. Work piled up at the 
slowest operation (inspection), and quality problems 
detected there were decoupled from the areas prod- 
ucing them by 20 to 30 feet and at least one day. 
Rework rates were very high; scrap was 
unacceptable. 


When the area was reorganized into GT (group tech- 
nology) cells (a basic concept of JIT), the inspection 
and alignment areas were physically coupled and 
people were organized into teams. The whole job (fin- 
ished, defect-free wafers) was assigned to the GT cell 
(see Figure 3). Rework rates decreased 70%, scrap 
rates decreased 45%, and probe yields increased by 
50%. This is only one of hundreds of examples of how 
JIT has improved our factory performance. 


The JIT program/system works. This cultural change 
is vital and the benefits derived are impressive. 


NO. 2 


NO. 1 


FIGURE 3. GROUP TECHNOLOGY CELL 
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Measurement 
Analytical Services Laboratory 


Harris facilities, engineering, manufacturing, and 
product assurance are supported by the Analytical 
Services Laboratory. Organized into chemical or 
microbeam analysis methodology, staff and instru- 
mentation from both labs cooperate in fully integrated 
approaches necessary to complete analytical studies. 
The capabilities of each area are shown below. 


SPECTROSCOPIC METHODS: Colorimetry, Optical 
Emission, Ultraviolet Visible, Fourier Transform-infrared, 
Flame Atomic Absorption, Furnace Organic Carbon 
Analyzer, Mass Spectrometer. 


CHROMATOGRAPHIC METHODS: Gas Chromatogra- 
phy, lon Chromatography. 


THERMAL METHODS: Differential Scanning Colorimetry, 
Thermogravimetric Analysis, Thermomechanical Analysis. 


PHYSICAL METHODS: Profilometry, 
Rheometry. 


Microhardness, 


CHEMICAL METHODS: Volumetric, Gravimetric, Specific 
lon Electrodes. 


ELECTRON MICROSCOPE: Transmission Electron Mi- 
croscopy, Scanning Electron Microscope. 


X-RAY METHODS: Energy Dispersive X-ray Analysis 
(SEM), Wavelength Dispersive X-ray Analysis (SEM), 
X-ray Fluorescence Spectrometry, X-ray Diffraction 
Spectrometry. 


SURFACE ANALYSIS METHODS: Scanning Auger Micro- 
probe, Electron Spectroscope/Chemical Analysis, Secon- 
dary lon Mass Spectrometry, lon Scattering Spectrometry, 
lon Microprobe. 


The department also maintains ongoing working 
arrangements with commercial, university, and equip- 
ment manufacturers’ technical service laboratories, 
and can obtain any materials analysis in cases where 
instrumental capabilities are not available in our own 
facility. 


Calibration Laboratory 


Another important resource in the product assurance 
system is Harris Semiconductor’s Calibration Lab. 
This area is responsible for calibrating the electronic, 
electrical, electro/mechanical, and optical equipment 
used in both the production and engineering areas. 
The accuracy of instruments used at Harris in calibra- 
tion is traceable to the National Bureau of Standards. 
The lab maintains a system which conforms to the 
current revision of MIL-STD-45662, “Calibration Sys- 
tem Requirements.” 


Each instrument requiring calibration is assigned a 
calibration interval based upon stability, purpose, and 
degree of use. The equipment is labeled with an iden- 
tification tag on which is specified both the date of the 
last calibration and of the next required calibration. 
The Calibration Lab reports on a regular basis to each 
user department. Equipment out of calibration is 
taken out of service until calibration is performed. The 
Quality organization performs periodic audits to 
assure proper control in the using areas. Statistical 
procedures are used where applicable in the calibra- 
tion process. 


Failure Analysis Laboratory 


The Failure Analysis Laboratory’s capabilities encom- 
pass the isolation and identification of all failure 
modes/failure mechanisms, preparing comprehen- 
sive technical reports, and assigning appropriate 
corrective actions. Research vital to understanding 
the basic physics of the failure is also undertaken. 


Failure analysis is a method of enhancing product re- 
liability and determining corrective action. It is the final 
and crucial step used to isolate potential reliability 
problems that may have occurred during reliability 
stressing. Accurate analysis results are imperative to 
assess effective corrective actions. To ensure the 
integrity of the analysis, correlation of the failure 
mechanism to the initial electrical failure is essential. 


A general failure analysis procedure has been estab- 
lished in accordance with the current revision of 
MIL-STD-883, Section 5003. The analysis procedure 
was designed on the premise that each step should 
provide information on the failure without destroying 
information to be obtained from subsequent steps. 
The exact steps for an analysis are determined as the 
Situation dictates. Records are maintained by labora- 
tory personnel and contain data, the failure analyst’s 
notes, and the formal Product Analysis Report. 


Reliability 
Reliability Assessment and Enhancement 


At Harris Semiconductor, reliability is built into every 
product by emphasizing quality throughout manufactur- 
ing. This starts by ensuring the excellence of the 
design, layout, and manufacturing process. The Quality 
of the raw materials and workmanship is monitored 
using statistical process control (SPC) to preserve the 
reliability of the product. The primary and ultimate goal 
of these efforts is to provide full performance to the 
product specification throughout its useful life. Product 
reliability is maintained through the following sources: 
Qualifications, In-Line Reliability Monitors, Failure Ana- 
lysis. 
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Qualifications 


Qualifications at Harris de-emphasize the sole 
dependence on production product which is only 
available late in the development cycle. The focus is 
primarily on the use of test vehicles to establish 
design ground rules for the product and the process 
that will eliminate any wearout mechanisms during 
the useful life of the product. However, to comply with 
the military requirements concerning reliability, prod- 
uct qualifications are performed. 


In-line Reliability Monitors 


In-line reliability monitors provide immediate feed- 
back to manufacturing regarding the quality of 
workmanship, quality of raw materials, and the ulti- 
mate reliability implications. The rudimentary imple- 
mentation of this monitoring is the “First Line of 
Defense,” which is a pass/fail acceptance procedure 
based on control charts and trend analysis. The sec- 
ond level of monitoring is referred to as the “Early 
Warning System” and incorporates wafer level relia- 
bility concepts for extensive diagnostic and 
characterization capabilities of various components 
that may impact the device reliability or stability. The 
quick feedback from these schemes allows more 
accurate correlation to process steps and corrective 
actions. 


Failure Analysis 


Failure analysis of various product failures provides a 
means for determining critical failure mechanisms. 
This information is used to identify those mechanism 
that should be detectable by qualification procedures 
or in-line monitors. Failure analysis involves elaborate 
confirmation of the failure mechanism creating the 
product malfunction. 


Reliability Fundamentals 


Reliability, by its nature, is a mixture of engineering 
and probability statistics. This combination has de- 
rived a vocabulary of terms essential for describing 
the reliability of a device or system. Since reliability 
involves a measurement of time, it is necessary to 
accelerate the failures which may occur. This, then, 
introduces terms like “activation energy” and “accel- 
eration factor,” which are needed to relate results of 
stressing to normal operating conditions (see Table 
7). Also, to assess product reliability requires failures. 
Therefore, only a statistical sample can be used to 
determine the model of the failure distribution for the 
entire population of product. 


TABLE 7. FAILURE RATE PRIMER 


GLOSSARY OF TERMS 


FAILURE RATE 1 


For Semiconductors, usually expressed in FITs. 


Represents useful life failure rate (which implies a constant 
failure rate). 


FITs are not applicable for infant mortality or wearout failure 
rate expressions. 


MTTF - Mean Time To Failure 


of a device. 


If an exponential distribution is assumed then the mean time to 
fail of the population will be when 63% of the parts have failed. 


CONFIDENCE INTERVAL (C. I.) 


Establishes a Confidence Interval for failure rate predictions. 
Usually the upper limit is most significant in expressing failure 
rates. 


TERMS/DEFINITION UNITS/DESCRIPTION 


For semiconductors, MTTF is the average or mean life expectancy 


FIT - Failure In Time 


1 FIT - 1 failure in 109 device hours. 
Equivalent to 0.0001 %/1000 hours 
FITs= 

# Failures 


x 109 xm 


# Devices x # hours stress x AF 


m - Factor to establish Confidence Interval 
109 - Establishes in terms of FITs 
AF - Acceleration Factor at temperature for a given failure 
mechanism 


Mean Time is measured usually in hours or years. 


1 Year = 8760 hours 


When working with a constant failure rate the MTTF can be 
calculated by taking the reciprocal of the failure rate. 


MTTF =1/A (exponential model) 
Example: =10 FiTs at +55°C 


The MTTF is: MTTF =1/A = 0.1 x 109 hours 
= 100M hours 


Example: 


“10 FITs @ a 95% C. I. @ 55°C” means only that you are 95% 
certain the the FITs <10 at +55°C use conditions. 
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Failure Rate Calculations 


Reliability data for products may be composed of 
several different failure mechanisms and requires 
careful combining of diverse failure rates into one 
comprehensive failure rate. Calculating the failure rate 
is further complicated because failure mechanisms 
are thermally accelerated at varying rates and thereby 
have differing accelerating factors. Additionally, this 
data is usually obtained a variety of life tests at unique 
stress temperatures. The equation below accounts for 
these considerations and then inserts a statistical fac- 
tor to obtain the corifidence interval for the failure rate. 


FIT = Boh 
pees 4 

i=1 > TDH; AF jj 
j=t 


x109  xM 


B= _  # of distinct possible failure mechanisms 
K= _ # of life tests being combined 
Xj = # of failures for a given failure mechanism 
be 12028 
TDGj = Total device hours of test time 
(unaccelerated) for Life Test; 
AFjj = Acceleration factor for appropriate failure 
mechanism i = 1, 2,...K 
M = Statistical factor for calculating the upper 


confidence limit (M is a function of the total 
number of failures and an estimate of the 
standard deviation of the failure rates) 


SPECIAL TESTS 


FAILURE MODE 
PREDICTIONS 
SELECT ANALYSIS PATH 


FIGURE 4. NON-DESTRUCTIVE 


In the failure rate calculation, Acceleration Factors (AFjj) 
are used to derate the failure rate from thermally accel- 
erated Life Test conditions to a failure rate indicative of 
use temperatures. Though no standards exist, a tem- 
perature of +55°9C has been popular and allows some 
comparison of product failure rates. All Harris 
Semiconductor Reliability Reports will derate to +55°C 
at both the 60% and 95% confidence intervals. 


Acceleration Factors 


The Acceleration Factors (AF) are determined from the 
Arrhenius Equation. This equation is used to describe 
physiochemical reaction rates and is an appropriate 
model for expressing the thermal acceleration of 
semiconductor failure mechanisms. 


AF= EXP PEAS, 13) EE oi Ay 
K \Tuse T stress 
AF= _ Acceleration Factor 
E,= Thermal Activation Energy in eV from Table 8 
K= Boltzmann’s Constant (8.62 x 1075 eV/°K) 


Both Tuse and Tstrasg (in degrees Kelvin) include the 
internal temperature rise of the device and therefore 
represent the junction temperature. With the use of the 
Arrhenius Equation, the thermal Activation Energy (E,) 
term is a major influence on the result. This term is 
usually empirically derived and can vary widely. 


DEENCAPSULATION 
INTERNAL VISUAL 
INSPECTION 


INTERNAL ELEC- 
TRICAL PROBE 


ANALYSIS 


PHYSICAL 
TESTS 
PROCESS i 
DATA TESTS 


CIRCUIT ANALYSIS 
HISTORY REPORT 


FIGURE 5. DESTRUCTIVE 
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Activation Energy 


To determine the Activation Energy (Eg) of a In(t—y) - In(tgo) = Eg/k(1/T1-1/T2) 

mechanism (see Table 8) you must run at least two 

(preferably more) tests at different stresses (tempera- Eg = K* ((In(t—y) — In(t¢o))/(1/T1 - 1/T2)) 

ture and/or voltage). The stresses will provide the time 

to failure (Tf) for the populations which will allow the The Activation Energy may be estimated by graphical 
simultaneous solution for the Activation Energy by analysis plots. Plotting In time and In temperature then 
putting the experimental results into the following provides a convenient nomogram that solves (esti- 


equations. mates) the Activation Energy. 
In (t77) = CO + Eg Table 9 is a summary of military generic groups by 
KT4 process descriptions. 
In (tf) = C+ Eg All Harris Reliability Reports from qualifications and 


Group C1 (all high temperature operating life tests) 
will provide the data on all factors necessary to calcu- 
Then, by subtracting the two equations, the Activation late and verify the reported failure rate (in FITs) using 
Energy becomes the only variable, as shown. the methods outlined in this primer. 

TABLE 8. FAILURE MECHANISM 


FAILURE ACTIVATION SCREENING AND 
MECHANISM ENERGY TESTING METHODOLOGY CONTROL METHODOLOGY 
Oxide Defects 0.3 - 0.5eV High temperature operating life (HTOL) and Statistical Process Control of oxide parameters, 
voltage stress. Defect density test vehicles. defect density control, and voltage stress testing. 
Silicon 0.3 - 0.5eV HTOL & voltage stress screens. Vendor Statistical Quality Control programs, and 
Defects (Bulk) Statistical Process Control on thermal processes. 


KT 2 


Corrosion 0.45eV Highly accelerated stress tesing (HAST) Passivation dopant control, hermetic seai control, 
improved mold compounds, and product handling. 
Assembly 0.5 - 0.7eV Temperature cycling, temperature and 
Defects mechanical shock, and environmental 
stressing. 


Electromigration Test vehicle characterizations at highly 
- AlLine 0.6eV elevated temperatures. 
- Contact 0.9eV 


Mask Defects/ 0.7eV 
Photoresist 

Defects 

Contamination 


Charge 1.3eV 
Injection 


Vendor Statistical Quality Control programs, 
Statistcal Process Control of assembly processes 
proper handling methods. 


Design ground rules, wafer process statistical 
process steps, photoresist, metals and 
passivation 


Clean room control, clean mask, pellicles 
Statistical Process Control or photoresist- 
/etch processes. 


Mask FAB comparator, print checks, defect 
density monitor in FAB, voltage stress test 
and HTOL. 


Statistical Process Control of C-V data, oxide/ 
interconnect cleans, high integrity glassivation 
and clean assembly processes. 


C-V stress at oxide/interconnect, wafer 
FAB device stress test (EWS) and HTOL. 


Design ground rules, wafer level Statistical 
Process Control and critical dimensions for 
oxides. 


HTOL & oxide characterization. 
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Qualification Procedures 


New products are reliably introduced to market by the 
proper use of design techniques and strict adherence 
to process layout ground rules. Each design is 
reviewed from its conception through early produc- 
tion to ensure compliance to minimum failure rate 
standards. Ongoing monitoring of reliability perform- 
ance is accomplished through compliance to 883C 
and standard Quality Conformance Inspection as 
defined in Method 5005. 


New process/product qualifications have two major 
requirements imposed. First is a check to verify the 
proper use of process methodology, design tech- 


niques, and layout ground rules. Second is a series of 
stress tests designed to accelerate failure mecha- 
nisms and demonstrate the reliability of integrated cir- 
cuits. 


From the earliest stages of a new product’s life, the 
design phase, through layout, and in every step of the 
manufacturing process, reliability is an integral part of 
every Harris Semiconductor product. This kind of at- 
tention to detail “from the ground up” is the reason 
why our customers can expect the highest quality for 
any application. 


TABLE 9. HIGH TEMPERATURE OPERATING LIFE TEST SUMMARY 


GROUP C 


GENERIC 


GROUP 


GROUP NAME 
Op. Amplifiers 
Op. Amplifiers 


High Voltage 
Op. Amplifiers 


Data Acquisition 
Telecommunications 
A/D Converters 

A/D Converters 
Switches & Mux 
Active Filters 

Active Filters 


Op. Amplifiers 


Comparators 
Switches & Mux 
Switches & Mux 
CMOS RAMs 
CMOS RAMs 


CMOS PROMs & 
HPALs 


Microprocessor and 
Peripherals 


PROCESS DESCRIPTION 
Std. Linear, Dl w/NiCr resistors 
Std. Linear, DI w/NiCr resistors 


High voltage DI 


High beta high frequency, Di, NiCr 


SAJIIVA 
SAJIIVA 
SAJI IVA 
DI Al Gate & Si Gate MOS 
SAJIIVA 
SAJIIVA 


Std. Linear, MOS, & High 
Frequency JFET 


Combination, Std. Linear & MOS 
DI Al & Si Gate Linear CMOS 

DI Al & Si Gate Linear CMOS 
SAJI CMOS 

SAJI CMOS 

SAJI CMOS 


SAJI CMOS 


FAILURE 
RATE FITs 
@ 55°C 60% Cl 


QUANTITY 


QUANTITY | FAILURE 


3,215,708 
429,945 
284,943 


1,868,349 
403,960 
183,222 
328,000 

82,836 
184,262 
470,324 
535,728 


153,400 
7,443,054 
889,816 
2,247,526 
1,105,094 
4,074,728 


4,099,002 


NOTE: All infant mortality failures (up to 168 hours or equivalent) have been removed from products sampled. 


FLOW - PRODUCT DEVELOPMENT RELIABILITY FOCUS 


PRODUCT DEFINITION REVIEW e Assumes Process Development Required 


kk* 


e E te Reliability Risk 
CONCEPT REVIEW vekisis Resi ara ess racine 
e Attain Commitment for Test Vehicle (TV.) Development 


xk*«* 


. 


e Review Test Vehicle Devel 
DESIGN REVIEW PART 1 aiansied est Vehicle or opment and Stress Test Plan 
e Review Package Requirements 


e Review Latent Failure Mechanism History for Design Sensitivity and Elimination 
e Review Ground Rules for Design and Elimination of Wearout Mechanisms 


e Review Process Characterization, Statistical Control & Capability which are Design 
Considerations 


kkK* 
Review Test Vehicle Stress Results 
Review Device Modeling & Simulations 
e Review Process Variability & Producibility 
© Define Wafer Reliability Monitor Vehicles, Application of Early Warning System 


DESIGN REVIEW PART 2 


kk* 


e Verify Wearout Mechanisms are Eliminated by Design & Process Control 
LAYOUT REVIEW PART 1 (Test Vehicle + SPC) 


e Evaluate Design of Chip to Package Risk Factors 
e Review Ground Rule Checks (DRCs) 


@ Establish Reliability Test, Stress and Failure Analysis Capabilities. Project Failure Rate 
Based on TV. Data. 


kk* 
e Review Burn-In Diagrams for Production and Qualification 
e Review Overall Qualification Plan & Begin Balance of Life Test 


LAYOUT REVIEW 2 
EVALUATION REVIEW 


kk* 


e Review Product Characterization to Data Sheet, ESD, Latch-up & DPA Results & 
Define Corrective Actions 


e Review of Life Test Data & Failure Mechanisms. Define Corrective Actions 

© Utilize Statistical Design of Experiments (DOX) if Required to Adjust Process or Design 
© Define Necessary Changes to Eliminate Any Systematic Failure Mechanism 

e If Mature Process - Grant Generic Release 


kkk 


Qualification Requirements Complete and Presented. Meet FIT Rate Requirements 
Review Infant Mortality (I.M.) Burn-in Results. If Greater Than 1% at 125°C 
Determine I.M. Burn-in Requirements 


NEW PRODUCT TRANSFER 


*ke* 


e Reliabiltiy Monitors: 
> Real Time Early Warning Wafer Level Reliability control 
> Real Time Reliability Control of Burn-in PDA with Control Charts 
> Add-On Life Testing: - Mil Std Group C &D 
- Industrial/Commercial Life Testing 
© Trend Analysis of Reliability Performance Used to Develop Product Improvements 
e Special Studies 


HARRIS QUALITY 
& RELIABILTY 


x** 


High Quality and Reliability Products to Harris Customers 


kk* 


SHIPMENT 
CONTINUOUS IMPROVEMENT Failure Analysis - Determine Assignable Cause of Failure 
¢ Closed Loop Corrective Action Process 


e Continuous Improvement Objectives in Product Reliability & Quality 


FIGURE 6. NEW PROCESS PRODUCT DEVELOPMENT AND LIFE CYCLE 
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FOR YOUR INFORMATION 


Harris Analog 


A SIMPLE COMPARATOR USING THE HA-2620 


The input current and impedance of a 
comparator circuit frequently loads the 
source and reference signals enough to 
cause significant errors. This problem 
is frequently eliminated by using a 
high impedance operational amplifier 
between the signal and the comparator. 
Figure 1 shows a simple circuit in which 
the operational amplifier is used as a 
comparator which is capable of driving 
approximately ten logic gates. The in- 
put impedance of the HA-2620 is typi- 
cally 500 M2. The input current is 
typically 1 nA. The minimum output 
current of 15 mA is obtainable with an 
output swing of up to +10 volts. 


The bandwidth control point is a very 
high impedance point having the same 
voltage as the amplifier output. The 
output swing can be conveniently lim- 
ited by clamping the swing of the band- 
width control point. The maximum 
current through the clamp diodes is 
approximately 300 uA. The switching 
time is dependent on the output voltage 
swing and the stray capacitance at the 
bandwidth control point. 


G. G. Miller 


FIGURE 1 - HIGH IMPEDANCE COMPARATOR 
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Figure 2 shows the waveforms for the 
comparator. The stray capacitance at 
the bandwidth control point can be. 
reduced considerably below that of the 
breadboard circuit; this would improve 
the switching time. The switching time 
begins to increase more rapidly as the 
overdrive is reduced below 10 mV and 
is approximately 1s for an overdrive of 
5 mV. Dependable switching can be 
obtained with an overdrive as small as 
1 mV. However, the switching time 
increases to almost 12 ms. 


VOUT= 2V/DIV. ~— teen 


HORIZONTAL SWEEP RATIO = SO00Ons/DIV. 


FIGURE 2 - WAVEFORMS FOR 
HA-2620 COMPARATOR 


NOTES 


A common mode range of +11 volts and 
a differential input range of +12 volts 
makes the HA-2620 a very versatile 
comparator. The HA-2620 can sink or 
supply a minimum of 15 mA. The abil- 
ity to externally clamp the output to 
any desired range makes the HA-2620 a 
very flexible comparator which is cap- 
able of driving unusual loads. 


APPLICATION 


FOR YOUR INFORMATION 


No. 514 


THE HA-2400 PRAM FOUR 


Harris Analog 


CHANNEL OPERATIONAL AMPLIFIER 


By Don Jones 


Introduction 


Harris Semiconductor has announced a new 
linear device, the HA-2400/HA-2405 Four 
Channel Operational Amplifier. This com- 
bines the functions of an analog switch and a 
high performance operational amplifier, and 
makes practical a large number of new linear 
Circuit applications. 

V+ V- GND COMP 


ANALOG 
SWITCH 


Circuit Connections 


These input control the selection of the amp- 
lifier input channels in accordance with the 
truth table below: 


BANDWIDTH] SLEW RATE 
GAIN, VOLTS/VOLT (TYPICAL) | (TYPICAL) 
NON-INVERTING INVERTING (-3dB), MHz | VOLTS/us 
REET PT SV a PT SE Ra EE Ss 
15 8.0 15 


20 
22 


The digital inputs can be driven with any DTL 
or TTL circuit which uses a standard +5.0V 


supply. 


ANALOG 
INPUTS 


| 

| 
OUTPUT 

AMPLIFIER — | 

| 

| 


es 
Do D1 ENABLE 
DIGITAL INPUTS 


A functional diagram of the HA-2400 is 
shown above. There. are four preamplifier 
sections, one of which is selected through the 
DTL/TTL compatible inputs and connected 
to the output amplifier. The selected analog 
input terminals and the output terminal form 
a high performance operational amplifier. 


In actuality, the circuit consists of four con- 
ventional op-amp input circuits connected in 
parallel to a conventional op-amp output 
circuit. The decode/control circuitry furnishes 
operating current only to the selected input 
section. 


OURRUT Compensation 


Frequency compensation for closed loop sta- 
bility is recommended for closed loop gains 
less than 10. This is accomplished by con- 
nection of a single external capacitor from 
Pin 12 to A. C. ground (the V+ supply is rec- 
commended). The following table shows the 
minimum suggested compensation for various 
closed loop gains, with the resultant band- 
width and slew rate. Obviously, when the 
four channels are connected with different 
feedback networks, the channel with the 
lowest closed loop gain will govern the re- 
quired compensation. 


(or _[_0o_[ eWAaLE JOwaNnEL 1 | CHANNEL? [CHANNEL 3 [OWANNEL A) 
RS ES Ed eS a a PO ee ee ES 


H 


OV<L<+0.8V +2.0V>H>+5.0V 


Compensation capacitors of greater value can 
be used to obtain lower bandwidth, greater 


phase margin, and reduced overshoot, at the 
expense of proportionately reduced slew rate. 


External lead-lag networks could also be used 
to optimize bandwidth and/or slew rate at a 
particular gain. 


Applications 


Any circuit function which can be con- 
structed using a conventional operational 
amplifier can also be constructed using any 
channel of the HA-2400. Similar or different 
networks can be wired from the output to 
each channel input pair. The device can 
therefore be used to select and condition 
different input signals, or to select between 
different op-amp functions to be performed 
on a single input signal. 


To wire a particular op-amp function to a 
channel, simply connect the appropriate net- 
work between the two inputs for that channel 
and the common output in the same manner 
as in wiring a conventional op-amp. It is 
often possible to design with fewer external 
components than would be required in wiring 
four separate op-amps (see Application Num- 
bers 2and 3 on the following pages). It should 
be remembered that the networks for unse- 
lected channels may still constitute a load at 
the amplifier output and the signal input, as 
if the unselected input terminals were discon- 
nected from the network. 


If offset adjustment is required, it can gener- 
ally be accomplished by resistive summation 
at either of the inputs for each channel (see 
Application Number 8). 


The analog input terminals of the OFF chan- 
nels draw the same bias current as the ON 
inputs. The maximum differential input volt- 
age of these terminals must be observed and 
their voltage levels must never exceed the 
supply voltages. 


When the Enable input is held low, all four 
input channels are disconnected from the 
output. When this occurs, the output voltage 
will generally slowly drift towards the nega- 
tive supply. If a zero volt output condition 
is required, one channel should be wired as a 
voltage follower with its positive input ground- 
ed. 


The amplifier output impedance remains low, 
even when the inputs are disabled; so it is not 


10-11 


generally practical to wire the outputs of two 
or more devices directly together. The com- 
pensation pins of two devices, however, could 
be wired together to produce a switch with 
One output and more than four input channels. 


The voltage at the compensation pin is about 
0.7V more positive than. the output sig- 
nal, but has a very high source impedance. 
Maximum current from this pin is about 
300uUA, which makes it a convenient point for 
limiting the output swing through clamping 
diodes and divider networks (see Application 
Number 13). 


Even if the application only requires a single 
channel to be switched on and off, it is often 
more economical to use the HA-2400, rather 
than a separate analog switch and high perfor- 
mance op-amp. Unused analog channel inputs 
should be grounded. Unused digital inputs 
may be wired to ground for a permanent 
“low’’ input, or either left open or wired to 
+5.0V for a permanent “high” input. 


Illustrated on the following pages are a few of 
the thousands of possible applications for the 
Four Channel Operational Amplifier. These 
will give the reader a general impression of 
how the units can be connected; and probably 
will help generate many other ideas for appli- 
cations. Also included are some ‘‘challenges”’ 
for the reader to modify the illustrated designs 
to perform different functions. 


Applications No.1 


DIGITAL 
CHANNEL 
IN40 SELECT 


OUTPUT 
AMP 


ANALOG MULTIPLEXER WITH BUFFERED INPUT 
AND OUTPUT 


This circuit is used for analog signal selection 
or time division multiplexing. As shown, the 
feedback signal places the selected amplifier 
channel in a voltage follower (non-inverting 
unity gain) configuration, and provides very 
high input impedance and low output imped- 
ance. The single package replaces four input 
buffer amplifiers, four analog switches with 
decoding, and one output buffer amplifier. 


APPLICATION 


NOTES 


For low level input signals, gain can be added 
to one or more channels by connecting the 
(—) inputs to a voltage divider between output 
and ground. Bandwidth is approximately 
8 MHz, and the output will slew. from one 
level to another at about 15.0V per micro- 
second. 


Expansion to multiplex 5 to 12 channels can 
be accomplished by connecting the compen- 
sation pins of two or three devices together, 
and using the output of only one of the 
devices. The Enable input on the unselected 
devices must be low. 


Expansion to 16 or more channels is accom- 
plished in a straightforward manner by con- 
necting outputs of 4 four-channel multi- 
plexers to the inputs of another four-channel 
multiplexer. 


Differential signals can be handled by two 
identical multiplexers addressed in parallel. 


Inverting amplifier configurations can also be 
used, but the feedback resistors may cause 
crosstalk from the output to unselected inputs. 


Applications No.2 


DIGITAL 
CONTROL 


DECODE/ 
CONTROL 


AMPLIFIER, NON-INVERTING PROGRAMMABLE GAIN 


This is a non-inverting amplifier configuration 
with feedback resistors chosen to produce a 
gain of O, 1, 2, 4, or 8 depending on the 
Digital Control inputs. 


Comparators at the output could be used for 
automatic gain selection for auto-ranging me- 
ters, etc. 


CHALLENGE: Design a circuit using only 
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two HA-2400's which can be programmed to 
any of 16 different gains. 


Applications No.3 


DECODE 
CONTROL 
DIGITAL 
ea CONTROL 


AMPLIFIER, INVERTING PROGRAMMABLE GAIN 


The circuit above can be programmed for a 
gain of 0, —1, —2, —4 or —8. 


This could also have been accomplished with 
One input resistor and one feedback resistor 
per channel in the conventional manner, but 
this would require eight resistors rather than 
five. 


Applications No.4 


DIGITAL 
CONTROL 


ATTENUATOR PROGRAMMABLE 


This circuit performs the function of dividing 
the input signal by a selected constant (1, 2, 
4, 8, or © as illustrated). To multiply by a 
selected constant, see circuit No. 2. While T, 
7 , or L sections could be used in the input 
attenuator, this is not necessary since the 
amplifier loading is negligible and a constant 
input impedance is maintained. The circuit 
is thus much simpler and more accurate than 
the usual method of constructing a constant 
impedance ladder and switching sections in 
and out with analog switches. 


Two identical circuits may be used to attenu- 
ate a balanced line. 


Applications No.5 


| DIGITAL 


CONTROL 


ADDER/SUBTRACTOR PROGRAMMABLE FUNCTION 


The circuit shown above can be programmed 
to give the output functions —K1X, —K2Y, 
—(K3X + K4Y), or K5X — K6Y. Obviously, 
many other functions of one or more variables 
can be constructed, including combinations 
with analog multiplier or logarithmic modules. 


This device opens up many new design ap- 
proaches in digitally controlled analog com- 
putation or signal manipulation. 


Applications No.6 


5 DIGITAL 
CONTROL 


ey 


PHASE SELECTOR/PHASE DETECTOR/ 
SYNCHRONOUS RECTIFIER/BALANCED MODULATOR 


This circuit passes the input signal at unity 
gain, either unchanged, or inverted depending 
on the Digital Control input. A buffered 
input is shown, since low source impedance 
is essential. Gain can be added by modifica- 
tions to the feedback networks. Signals up to 
100 kHz can be handled with 20.0V peak-to- 
peak output. The circuit becomes a phase 
detector by driving the Digital Control input 
with a reference phase at the same frequency 
as the input signal, the average D. C. output 
being proportional to the phase difference, 
with zero volts at t90°. By connecting the 
output to a comparator, which in turn drives 
the Digital Control, a synchronous full-wave 
rectifier is formed. 


OFFSET DRIFT é 
2 


With a low frequency input signal and a high 
frequency digital control signal, a balanced 
(surpressed carrier) modulator is formed. 


Applications No.7 


5 DIGITAL 
CONTROL 


VIN R 


Li 
= 

a 
an 

oo 
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OUTPUT 
HA-2400 AMP 


INTEGRATOR/RAMP GENERATOR 
WITH INITIAL CONDITION RESET 


It is difficult in practice to set the initial 
conditions accurately in an integrator. This 
usually requires wiring contacts of a mechan- 
ical relay across the capacitor - - leakage cur- 
rents of solid state switches produce integra- 
tion inaccuracy. The scheme shown above 
eliminates these reliability and accuracy prob- 
lems. 


Channel 1 is wired as a conventional integra- 
tor, Channel 2 as a voltage follower. When 
Channel 2 is switched on, the output will 
follow Vin, and C will discharge to maintain 
zero volts across it. When Channel 1 is then 
switched on the output will initially be at the 
instantaneous value of VjjN, and then will 
commence integrating towards the opposite 
polarity. This circuit is particularly suitable 
for timing ramp generation using a fixed D.C. 
input. Many variations are possible, such as 
programmable time constant integrators. 


Applications No.8 


o TRACK HOLD 
CONTROL 


DECODE/ 
CONTROL 


+15 


APPLICATION 
NOTES 


ADJUST 


O+15V 
O OUTPUT 


TRACK AND HOLD/SAMPLE AND HOLD 


Channel 1 is wired as a voltage follower and 


is turned on during the track/sample time. 
If the product of R x C is sufficiently short 
compared to the period of maximum output 
frequency, or sample time, C will charge to 
the output level. Channel 2 is an integrator 
with zero input signal. When Channel 2 is 
then turned on, the output will remain at the 
voltage across C. 


Applications No.9 


tS earch 
EN 
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An even simpler circuit can be made by wiring 
one channel as an amplifier, choosing the 
compensation capacitor to yield the minimum 
required bandwidth or slew rate. When the 
Enable input is pulled low, the output will 
tend to remain at its last level, because of the 
charge remaining on the compensating capa- 
citor. 


DIGITAL 
CONTROL 


SINE WAVE OSCILLATOR PROGRAMMABLE FREQUENCY 


Any oscillator which can be constructed using 
an op-amp, such as the twin-T, phase shift, 
crystal controlled types, etc. can be made 
programmable by using the HA-2400. IIlustra- 
ted above is a Wien Bridge type, which is very 
popular for signal generators, since it is easily 
tunable over a wide frequency range, and has 
a very low distortion sine wave output. 
The frequency determining networks can be 
designed from about 10Hz to greater than 
1MHz. Output level is about 6.0V RMS. 
By substituting a programmable attenuator 
(Circuit No. 4) for the Buffer Amplifier, a 
very versatile sine wave source for automatic 
testing, etc. can be constructed. 


CHALLENGE: A high Q, narrow band filter 
can be made by feeding back greater than 
1/3 of the output to the negative input. 
Design a circuit using the HA-2400 and an 
RC network which can be programmed either 
to generate or to detect an audio tone of the 
same frequency. Such a circuit would be 
quite useful for data communications. 
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Applications No.10 


MULTIVIBRATOR, FREE RUNNING, 
PROGRAMMABLE FREQUENCY 


This is the simplest of any programmable 
oscillator circuit, since only one stable timing 
Capacitor is required. The output square 
wave is about 25.0V peak-to-peak and has 


rise and fall times of about 0.5 ys. If a pro- 
grammable attenuator circuit (No. 4) is placed 
between the output and the divider network, 
16 frequencies can be produced with two 
HA-2400’s and still only one timing capacitor. 


A precision programmable square-triangle gen- 
erator can also be constructed by adapting 
circuit described in Harris Application Note 
507 to the HA-2400. 


Applications No.11 


DIGITAL 
CONTROL 


DECODE/ | 
CONTROL i 


re ee 


*15V 
O 


ACTIVE FILTER PROGRAMMABLE 


Shown above is a second order low pass filter 
with programmable cutoff frequency. This 
circuit should be driven from a low source 
impedance since there are paths from the out- 
put to the input through the unselected net- 
works. 


Virtually any filter function which can be 
constructed with a conventional op-amp can 
be made programmable with the HA-2400. 


A useful variation would be to wire one chan- 
nel as a unity gain amplifier, so that one could 
select the unfiltered signal, or the same signal 
filtered in various manners. These could be 
cascaded to provide a wide variety of program- 
mable filter functions. 


Applications No.12 


O 
DIGITAL 
ONT 


POWER SUPPLY PROGRAMMABLE 
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Many systems require one or more rela- 
tively low current voltage sources which can 
be programmed to a few predetermined levels. 
It is no longer necessary to purchase a pro- 
grammable power supply with far more capa- 
bility than needed. The circuit shown above 
produces positive output levels, but could be 
modified for negative or bipolar outputs. 
Q1 is the series regulator transistor, selected 
for the required current and power capability. 
R1, Q2 and Q3 form an optional short circuit 
protection circuit, with R1 chosen to drop 
about 0.7V at the maximum output current. 
The compensation capacitor, C. should be 
chosen to keep the overshoot, when switching, 
to an acceptable level. 


CHALLENGE: Design a supply using only 
two HA-2400’s which can be programmed to 
16 binary weighted (or 10 BCD weighted) 
output levels. 


Applications No.13 
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IGITAL 
CHANNEL SELECT 
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+5V LOGIC SUPPLY 
O 


COMPARATOR, FOUR CHANNEL 


When operated open loop without compensa- 
tion, the HA-2400 becomes a comparator 
with four selectable input channels. The 
clamping network at the compensation pin 
limits the output voltage to allow DTLor TTL 
digital circuits to be driven with a fanout of 
up to ten loads. 


Output rise and fall times will be about 100ns 
for differential input signals of several hundred 
millivolts, but will be in the microsecond 
region for small differential signals. 


The circuit can be used to compare several 
signals against each other or against fixed 
references; or a single signal can be compared 
against several references. A ‘‘window com- 
parator’’, which assures that a signal is within 
a voltage range, can be formed by monitoring 
the output polarity while rapidly switching 
between two channels with different reference 
inputs and the same signal input. 


APPLICATION 


NOTES 


Applications No.14 


DIGITAL INPUT 


M.S.B. L.S.B. 
Oo O26 


MULTIPLYING D TO A CONVERTER 


The circuit above performs the function, 
VOUT = VIN * 7g where N is the binary 
number from 0 to 15 formed by the digital 
input. If the analog input is a fixed D.C. 
reference, the circuit is a conventional 4-bit 
D to A. The input could also be a variable or 
A.C. signal, in which case the output is the 
product of the analog signal and the digital 
signal. 


The circuit on the left is a programmable 
attenuator with weights of 0, 1/4, 1/2 or 3/4. 
The circuit on the right is a non-inverting 
adder which adds weights to the first output 
of: 0; -1/16,.4/8 or:3/16. 


If four quadrant multiplication is required, 
place the Phase Selector circuit (No. 6) in 
series with either the analog input or output. 
The Dg input of that stage becomes the 
+ or — sign bit of the digital input. 


More Challenges 


One of our favorite college textbooks paused 
at each climactic point with a statement to 
the effect that, ‘Proof of the following 
theorem is omitted, and is suggested as an 
exercise for the student.” 


The following is a list of some additional 
applications in which we believe the HA-2400 
will prove very valuable. The ‘‘proofs’’, at 
present, remain as exercises for our ingenious 
readers. 
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e A to D Converter, Dual Slope Integrating 


e Active Filter, State Variable Type with 
Programmable Frequency and/or 
Programmable “‘Q” 


e Amplifier with Programmable D.C. Level 
Shift 


e Chopper Amplifiers 

e Crossbar Switches 

e Current Source, Programmable 

e F.M. Stereo Modulator 

e F.S.K. Modem 

e Function Generators, Programmable 

e Gyrator, Programmable 

@ Monostable Multivibrator, Programmable 

e Multiplier, Pulse Averaging 

e Peak Detector with Reset 

e Resistance Bridge Amplifier/Comparator 
with Programmable Range 

e Sense Amp/Line Receiver with 
Programmable Threshold 

e Spectrum Analyzer, Scanning Type 

e Sweep Generator, Programmable 

e Switching Regulator 

e Touch-Tone ™ Generator/Detector 
(Use Harris HD-0165 Keyboard 
Encoder |.C.) 


Feedback 


We believe we have only scratched the surface 
of possible applications for a multiple channel 
operational amplifier. 


If you have a solution for any of the previous 
“challenges’’ or any new application, please 
let us know. Anything from a one word 
description to a tested design will be welcome. 


APP 
NOTE 


No. 515 


FOR YOUR INFORMATION 


OPERATIONAL AMPLIFIER STABILITY: 
INPUT CAPACITANCE CONSIDERATIONS 


Author: Don Jones 


This note deals with stabilization and optimization of A.C. 
response in operational amplifiers. One of the more 
common difficulties in applying operational amplifiers 
will be discussed. 


Let’s consider the unity gain inverting amplifier circuit 
shown below: 


This appears to be a straightforward application with 
reasonable component values. 


But, with the input grounded, the circuit output shows an 
oscillation at about 5MHz. 


Even more surprising, if the same device is connected asa 
voltage follower with the same load, it is perfectly stable. 
Since the inverting amplifier has 6dB less feedback than 
the voltage follower, shouldn't it be more stable? 


The culprit here is capacitance at the amplifier inverting 
input. The HA-2600 in the TO-99 can has an input 
capacitance of about 2 or 3pF. When soldered on a P.C. 
card, or inserted in a socket, wiring capacitance might 
add another 3 to 6pF. With only 5K effective resistance at 
this point, 5 to 10pF seems pretty negligible, doesn't it? 
But let’s find out. 


The open loop amplitude and phase response char- 
acteristics of the amplifier between 1 and 10MHz looks 
like this: 


GAIN,dB 
30 


PHASE ANGLE 


The characteristics of the feedback network alone with 
5pF capacitance to ground looks like this: 


GAIN, dB 


in 


PHASE ANGLE 


Combining these two graphs by algebraically adding the 
dB gains together and adding the phase shifts together 
gives us the open loop response at the summing point: 


GAIN,dB PHASE ANGLE 


30 


We can see that on the composite response curves, the 
phase shift crosses 180° at 5.5MHz, and that there is still 
about +2dB of gain at this frequency. Therefore, closing 


the loop automatically creates an oscillator. z 
‘e) 

EY” 

How can we overcome this effect? If we add a capacitor i 
; oO 

across the feedback resistor, we can cancel the effects of = 4 
the input capacitance: a 


5pF 
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If the feedback capacitance matches the input capaci- 
tance, the response curves of the feedback network alone 
will be a flat -6dB and 0° across the frequency band. The 
composite curves will then show a bandwidth of 7.5MHz 
and a positve phase margin of 339. So the circuit will now 
be quite stable. It's amazing how much difference that 
small capacitance can make. 


The general scheme for compensation of various circuit 
types is shown below: 


(Include high frequency source impedance in R34.) 


INVERTING AMPLIFIER 


| 

debe: 
kt m1 

I 

—— 


NON-INVERTING AMPLIFIER 
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FOLLOWER WITH FEEDBACK RESISTOR 


It's not really necessary to know the exact value of stray 
capacitance, Cz for most layouts, about 5 to 10pF is a 
good guess. Unless you are trying to squeeze out the last 
Hz of frequency response, it doesn’t hurt to guess on the 
high side. At higher gains, where Co calculates out to less 
than 1 or 2pF, it isn’t necessary to use Co — but it won't 
disturb anything if you do use it. 


If you are uncertain about whether compensation is 
necessary, check the pulse response or frequency 
response of the closed loop stage. Hook a pulse generator 
to the input, and adjust the amplitude for about a 200 
millivolt step at the output — if the output overshoot is less 
than 40% of the step, the circuit will be stable. Alternately, 
check the small signal frequency response of the stage if 
the high frequency peaking is less than +6dB, more than 
the low frequency gain, the circuit is stable. Of course, 
you can increase the compensation capacitor if you need 
even smoother response. 


The phenomena we have described are not peculiar to 
any one amplifier type. Wideband amplifiers require a 
little more care in the design of feedback networks; but 
the same type oscillations will show up on 741 type 
amplifiers with higher feedback resistor values. 
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APPLICATIONS OF MONOLITHIC 
SAMPLE-AND-HOLD AMPLIFIERS 


DON JONES AND AL LITTLE 


Introduction 


The sample-and-hold or track-and-hold function is very 
widely used in linear systems. This function is readily avail- 
able in modular, hybrid, and monolithic form. 


All high quality sample-and-hold circuits must meet certain 
requirements: 


(1) The holding capacitor must charge up and settle to its 
final value as quickly as possible. 


(2) When holding, the leakage current at the capacitor must be 
as near zero as possible to minimize voltage drift with 
time. 


(3) Other sources of error must be minimized. 


Design of a sample-and-hold involves a number of com- 
promises in the above requirements. The amplifier or other 
device feeding the analog switch must have high current 
capability and be able to drive capacitive loads with stability. 
The analog switch must have both low ON resistance and 
extremely low OFF leakage currents. But, leakage currents of 
most analog switches (except the dielectrically isolated 
types) run to several hundred nanoamperes at elevated tem- 
peratures. The analog switch must have very low coupling 
between the digital input and analog output, because any 
spikes generated at the instant of turn-off will change the 
charge on the capacitor. The output amplifier must have 
extremely low bias current over the temperature range, and 
also must have low offset drift and sufficient slew rate. 


Another design consideration is whether to make the input 
differential or single ended. A single ended sample/hold 
amplifier has a fixed gain, usually +1, so that it simply provides 
the sample/hold function. In contrast, a differential input 
sample-and-hold amplifier is designed to be configured with 
external feedback, just like an op amp. It may be used to form a 
filter, integrator, inverting or non-inverting amplifier with 
gain, etc. This allows the designer to combine any number of 
op amp signal conditioning circuits with the sample-and-hold 


function. All Harris sample-and-hold amplifiers are designed 
with differential inputs to take advantage of this capability. 


The HA-2420/2425 


The HA-2420/2425 is one of the most versatile monolithic 
sample-and-hold integrated circuits. A functional diagram is 
shown in Figure 1. 


OFFSET 
ADJUST 


HA-2420 


OUTPUT 


HOLD 


CAPACITOR 


FIGURE 1 - HA-2420/2425 FUNCTIONAL DIAGRAM 


The input amplifier stage is a high performance operational 
amplifier with excellent slew rate, and the ability to drive high 
capacitance loads without instability. The switching element 
is a highly efficient bipolar transistor stage with extremely low 
leakage in the OFF condition. The output amplifier is a MOSFET 
input unity gain follower to achieve extremely low bias 
current. 


MOSFET inputs are generally not used for D.C. amplifiers 
because their offset voltage drift is difficult to control. In this 
configuration, however, negative feedback is generally 
applied between the output and inputs of the entire device, 
and the effect of this offset drift at the inputs is divided by the 
open loop gain of the input amplifier stage. 
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The HA-5320 


The HA-5320 is a high speed monolithic sample/hold circuit 
which includes its own 100pF hold capacitor. Unlike the 
HA-2420/2425, this device utilizes an input transconduct- 
ance amplifier and an integrating output stage as shown in 
Figure 2. The hold capacitor is charged through a low leakage 
analog switch at the virtual ground node of the output 
amplifier. In this configuration, charge injection at the transition 
from sample to hold is constant over the entire input/output 
voltage range. Additional hold capacitance may be added to 
the HA-5320 for improved droop rate, at the expense of 
increased acquisition time. 


OFFSET 
ADJUST 


HA-5320 


1 
1 
' 
i 
ry OUTPUT 
i 
q 
1 
i 
1 
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(>) INTEGRATOR 
BANDWIDTH 
supPLy V- 
GND EXTERNAL 
HOLD 


L 
CAPACITOR 


FIGURE 2 - HA-5320 FUNCTIONAL DIAGRAM 
The HA-5330 


The HA-5330 is a monolithic sample/hold amplifier optimized 
for very high speed performance, acquiring a 10V step to 
0.01% in 500ns. Its circuit topology is similar to the HA-5320 
(Figure 3), but there is no provision for external capacitance. 
The integrated 9OpF capacitor provides excellent perfor- 
mance alone; external leakage paths and noise pickup are 
avoided in this design by not exposing the integrator input 
node to an external pin. 


OFFSET 
ADJUST 


OUTPUT 


S/H 
CONTROL O 


suppLty V- SIG 
GND GND 


FIGURE 3 - HA-5330 FUNCTIONAL DIAGRAM 


Sample-Hold-Hold Applications 


A number of basic applications are shown on the following 
pages. These devices are exceptionally versatile, since they 
can be wired into any of the hundreds of feedback con- 
figurations possible with any operational amplifier. In many 
applications the device will replace both an operational 
amplifier and a sample-and-hold module. 


The larger the value of the hold capacitor, the longer time it 
will hold the signal without excessive drift; however, it will 
also reduce the charging rate/slew rate and the amplifier 
bandwidth during sampling. So the capacitance value must 
be optimized for each particular application. Drift during holding 
tends to double for every 10°C rise in ambient temperature. 
The holding capacitor should have extremely high insulation 
resistance and low dielectric absorption-polystyrene (below 
+85°C), Teflon, or mica types are recommended. 


For least drift during holding, leakage paths on the P.C. board 
and on the device package surface must be minimized. The 
output voltage is nearly equal to the voltage on Cy for the HA- 
2420. The output line may be used as a guard ring surround- 
ing the line to Cy. Since the potentials are nearly equal, very 
low leakage currents will flow. The two package pins sur- 
rounding the Cy pin are not internally connected, and may be 
used as guard pins to reduce leakage on the package surface. 
A suggested P.C. guard ring layout is shown in Figure 4. The 
hold capacitor in the HA-5320 operates at virtual ground. For 
this device, a guard ring must be connected to the SIG GND 
terminal (pin 6) instead of the output. 
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FIGURE 4 - GUARD RING LAYOUT (BOTTOM VIEW) 
Since the internal hold capacitor is not accessable in the 
HA-5330, no P.C. layout consideration to minimize leakage 


is necessary. 


Although the hold capacitor is configured differently for the 
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three sample/hold devices as shown in Figure 5, most ap- 
plications are common to all. For simplicity, the hold capacitor 
has been excluded from circuit diagrams in the following 
examples and the S/H’s are depicted as op amps with a 
sample/hold control. This symbol is intended to remind the 
user of the ‘op amp” capability of these devices. 


S/H 


HA-5330 
NO EXTERNAL HOLD CAPACITOR 


HA-2420 
HOLD CAPACITOR TO GROUND 


S/H 
COMMON S/H SYMBOL 


FIGURE 5 - SIMPLIFIED S/H SYMBOL 
(UNITY GAIN CONFIGURATION) 


Application No. 17 


Feedback is the same as a conventional op amp voltage 
follower which yields a unity gain, non-inverting output. This 
hookup also has a very high input impedance. 


The only difference between a track-and-hold and a sample- 
and-hold is the time period during which the switch is closed. 
In track-and-hold operation, the switch is closed for a 
relatively long period during which the output signal may 
change appreciably; the output will hold the level present at 
the instant the switch is opened. In sample-and-hold opera- 
tion, the switch is closed only for the period of time necessary 
to fully charge the holding capacitor. 


BASIC TRACK-AND-HOLD/SAMPLE-AND-HOLD 


1 ° 
! 
S/H OUT af 


CONTROL 


Application No. 2 


This is the standard non-inverting amplifier feedback circuit. 


It illustrates one of the many ways in which a sample/hold 
amplifier may be used to perform both op amp and sampling 


functions, eliminating the need for a separate scaling 
amplifier and sample-and-hold module. 


In general, it is usually best design practice to scale the gain 
such that the largest expected signal will give an output close 
to + or — 10 volts. Drift current is essentially independent of 
output level, and less percentage drift will occur in a given 
time for a larger output signal. 


SAMPLE-AND-HOLD WITH GAIN 
Vin 


S/H 
CONTROL 


Application No. 3 


This illustrates another application in which the hookup 
versatility of a sample/hold often eliminates the need for a 
separate operational amplifier and sample-and-hold module. 
This hookup will have somewhat higher input to output 
feedthrough during “hold,” than the non-inverting connection, 
since output impedance is the open-loop value during “hold,” 


and feedthrough will be: Vin Ro 
Ry +R2+Ro 


INVE RTING SAMPLE-AND-HOLD 


R2 


NOTES 


MAKE 


APPLICATION 


S/H 
CONTROL 


Application No. 4 


It is often required that a signal be filtered prior to sampling. 
This can be accomplished with only one device. Any of the 
inverting and non-inverting filters which can be built with op 
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amps can be implemented. However, it is necessary that the 
sampling switch be closed for sufficient time for the filter to 
settle when active filter types are connected around the 
device. 


FILTERED SAMPLE-AND-HOLD 


S/H 
CONTROL 


Application No. 5 


Short sample times require a low value holding capacitor, 
while long, accurate hold times require a high value holding 
capacitor. So, achieving a very long hold with a short sample 
appears to be contradictory. However, itcan be accomplished 
by cascading two S/H circuits, the first with a low value 
capacitor, the second with a high value. Then the second S/H 
can sample for as long a time as the first circuit can accurately 
hold the signal. 


CASCADED SAMPLE-AND-HOLD 


S/H 1 S/H 2 


CONTROL 


S/H 1 CONTROL | | 
S/H 2 CONTROL | | 


CONTROL 


Application No. 6 


The word “glitch” has been a universal slang expression 
among electronics people for an unwanted transient condi- 
tion. In D to Aconverters, the word has achieved semi-official 
status for an output transient which occurs when the digital 


input address is changed. 


In the illustration, the sample/hold amplifier does double 
duty, serving as a buffer amplifier as well as a glitch remover, 
delaying the output by % clock cycle. 


The sample/hold may be used to remove many other types of 
“glitches” in a system. If a delayed sample pulse is required, 
this can be generated using a dual monostable multivibrator 
LK oF 


DE-GLITCHER 


CONTROL 
LOGIC 


D/A 
OUT 


S/H 
CONTROL 
Cp S/H 


OUT 


Application No. 7 


This circuit reconstructs and separates analog signals which 
have been time division multiplexed. 


The conventional method, shown on the left, has several 
restrictions, particularly when a short dwell time and a long, 
accurate hold time is required. The capacitors must charge 
from a low impedance source through the resistance and 
current limiting characteristics of the multiplexer. When 
holding, the high impedance lines are relatively long and 
subject to noise pickup and leakage. When FET input buffer 
amplifiers are used for low leakage, severe temperature offset 
errors are often introduced. 


DE-MULTIPLEXER 


ANALOG #@Pe=e=: 
MULTIPLEXER 


CONTROL 


CONTROL 


OLD WAY 


NEW WAY 
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Application No. 8 


This basic circuit has widespread applications in instrumentation, 
A/D conversion, DVM’s and DPM'’s to eliminate offset drift 
errors by periodically rezeroing the system. Basically, the 
input is periodically grounded, the output offset is then sampled 
and fed back to cancel the error. 


The system illustrated automatically zeros a high gain 
amplifier. Care in the actual design is necessary to assure that 
the zeroing loop is dynamically stable. A second sample-and- 
hold could be added in series with the output to remove the 
output discontinuity. 


Many variations of this scheme are possible to suit the 
individual system. 


AUTOMATIC OFFSET ZEROING 


Application No. 9 


This accurate, low drift peak detector circuit combines the 
basic sample-and-hold connection with a comparator. When 
the input signal level exceeds the voltage being stored in the 
S/H, the comparator trips, and a new sample of the input is 
taken. The S/H offset pot should be adjusted for a slight posi- 
tive offset, so that the comparator will trip back when the new 
peak is acquired; otherwise the comparator would remain 
“on” and the S/H would follow the peak back down. 


To make a negative peak detector, reverse the comparator 
inputs and adjust the S/H for a negative offset. 


The reset function, which is difficult to achieve in other peak 
detector circuits, forces a new sample at the instantaneous 
input level. 


OPEN COLLECTOR 
TTL GATE 


Application No. 10 


This useful application illustrates how fast repetitive wave- 
forms can be slowed down using sampling techniques. The 
input signal is much too fast to be tracked directly by the X-Y 
recorder, but sampling allows the recorder to be driven as 
slow as necessary. 


To operate, the waveform is first synched in on the scope. 
Then the potentiometer connected to the recorder X input is 
slowly advanced, and the waveform will be reproduced. The 
S/H amplifier samples for a very short interval once each 
horizontal sweep of the scope. The sampling instant is deter- 
mined by the potentiometer at the instant when the horizontal 
sweep waveform corresponds to the X position of the 
recorder. 


This principle can be applied to many systems for waveform 
analysis, etc. 


PLOT HIGH SPEED WAVEFORMS 
WITH SAMPLING TECHNIQUES 


MONOSTABLE 
MULTIVIBRATOR 


VERTICAL 
AMP OUT 


HORIZONTAL SWEEP 


CONTROL COMPARATOR 


CIRCUIT 
UNDER 
TEST 


ie Yin £10V FS. 


X-Y PLOTTER 
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Introduction 


When working with op amp circuits an en- 
gineer is frequently required to predict the 
total RMS output noise in a given bandwidth 
for a certain feedback configuration. While 
Op amp noise can be expressed in a number of 
ways, “‘spot noise’’ (RMS input voltage noise 
or current noise which would pass through 
1Hz wide bandpass filters centered at various 
discrete frequencies), affords a universal 
method of predicting output noise in any op 
amp configuration. 


The Noise Model 


Figure 1 is a typical noise model depicting 
the noise voltage and noise current sources 
that are added together in the form of root 
mean square to give the total equivalent 
input voltage noise (RMS), therefore: 


Eni = feni2 * Ini2Rg2 Ly 4KTRg where, 


Enj is the total equivalent input voltage noise 
of the circuit. 


€nj is the equivalent input voltage noise of the 
amplifier. 


Ini2Rg2 is the voltage noise generated by the 
Current noise. 


4KTRg expresses the thermal noise generated 
by the external resistors in the circuit where 
K = 1.38 x 10-23 joules/°K; T = 300°K 


(270C) and Rg “(aes R2 


OPERATIONAL AMPLIFIER 
NOISE PREDICTION 


By Richard Whitehead 


FOR YOUR INFORMATION 


Figure 1 


The total RMS output noise (Eno) of an amp- 
lifier stage with gain = G in the bandwidth 
between f1 and f2 is: 


f 
E,o=G (if 2 Eni2dt”] 


Note that in the amplifier stage shown, G 


{ R 
is the non-inverting gain ( G=1+ a 


regardless of which input is normally driven. 


Procedure for Computing 
Total Output Noise 


Refer to the voltage noise curves for the 
amplifier to be used. 


2. Enter values of enj2 line (a) of the table 
below from the curve labeled ’’Noise 
spectral density’’ (the values must be 
squared). 

3. From the current noise curves for the 


amplifier, obtain the values of inj2 for 
each of the frequencies in the table, 
and multiply each by Rg@, entering the 
products in line (b) of the table. 


4. Obtain the value of 4KTRg from Figure 
14, and enter it on line (c) of the table. 
This is constant for all frequencies. The 
4KTRg value must be adjusted for temp- 
eratures other than normal room temper- 
ature. 


5. Total each column in the table on line 
(d). This total is Enj2. 


6. On linear scale graph paper enter each of 
the values for Enj2 vs. frequency. In 
most cases, sufficient accuracy can be 
obtained simply by joining the points 
on the graph with straight line segments. 


7. For the bandwidth of interest, calculate 
the area under the curve by adding the 
areas of trapezoidal segments. This 
procedure assumes a perfectly square 
bandpass condition; to allow for the 
more normal -6db/octave bandpass skirts, 
multiply the upper (-3db) frequency by 
1.57 to obtain the effective bandwidth 
of the circuit, before computing the area. 
The total area obtained is equivalent to 
the square of the,total input noise over 
the given bandwidth. 


8. Take the square root of the area found 
above and multiply by the gain (G) of 
the circuit to find the total Output RMS 
noise. 


A TYPICAL EXAMPLE 


It is necessary to find the output noise of 
the circuit shown below between 1KHz and 
24K Hz. 
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Figure 2 
The HA-2600 In a Typical G = 1000 Circuit 


Values are selected from Figures 5, 5a and 14 
to fill in the table as shown below. An Rg 
of 30KQ2 was selected. 


3.6x 10-15 | 1.156x 10-15 | 7.84x 10-16 | 7.29x 10-16 | 7.29x 10-16 
(b) Ini2Rg2 | 9.9 x 10-16 1.89 x 10-16 | 3.15x 10-17 | 7.2x 10-18 | 7.2x 10-18 


The totals of the selected values for each 
frequency is in the form of Epj2. This 
should be plotted on linear graph paper as 
shown below: 


1.5x 10-15 


fo (1.57) 


Bea e ee 


1.0 x 10-15 


Eni2, (Volts2/Hz) 


0.5x 10-15 


Frequency, (Hz) 


NOTES 


HA-2600 Total Equivalent Input Noise Squared 


APPLICATION 


Since a noise figure is needed for the fre- 
quency of 1KHz to 24KHz, it is necessary to 
calculate the effective bandwidth of the cir- 
cuit. With AV = 60db the upper 3db point 
is approximately 24KHz. The product of 
1.57 (24KHz) is 37.7KHz and is the effective 
bandwidth of the circuit. 


The shaded area under the curve is approxi- 
mately 45 x 10-12 Volts2; the total equiva- 
lent input noise is \/ Enj2 or 6.7 microvolts, 
and the total output noise for the selected 
bandwidth is \/Enj2 x (closed loop gain) or 
6.7 millivolts RMS. 


Actual Measurements For 
Comparison 


The circuit shown below was used to actually 
measure the broadband noise of the HA- 
2600 for the selected bandwidth: 


Figure 3 
A Typical Test Circuit for Broadband 
Noise Measurements 


The frequencies below the fj point of the 
bandwidth selected are filtered out by the RC 
network on the output of HA-2600. The 
measurement of the broadband noise is ob- 
served on the true RMS voltmeter. The mea- 
sured output noise of the circuit is 4.7 
microvolts RMS as compared to the calculated 
value of 6.7 microvolts RMS. 


Acquiring the Data For Calculations 


Spot noise values must be generated in order 
to make the output noise prediction. The 
effects of ‘’Popcorn’’ noise have been ex- 
cluded due to the type of measurement 
system. 


The Quan-Tech Control Unit, model no. 
2283 and Filter Unit, model no. 2181 were 
used to acquire spot noise voltage values 
expressed in (V,/ Hz). The test system per- 
forms measurements from 10Hz by orders 
of magnitude to 100KHz with an effective 
bandwidth of 1Hz at each tested frequency. 


Several source resistance (Rg) values were 
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used in the measuring system to reveal the 
effects of Rg on each type of Harris’ op amps 
and to obtain proper voltage noise values 
essential for current noise calculations. 


A Discussion On “Popcorn” Noise 


“Popcorn’’ noise was first discovered in 
early 709 type op amps. Essentially it is an 
abrupt step-like shift in offset voltage (or 
current) lasting for several milliseconds and 
having amplitude from less than one micro- 
volt to several hundred microvolts. Occur- 
ance of the “pops” is quite random — an 
amplifier may exhibit several “pops’’ per 
second during one observation period and 
then remain ‘‘popless’’ for several minutes. 
Worst case conditions are usually at low 
temperatures with high values of Rg. Some 
amplifier designs and some manufacturer's 
products are notoriously bad in this respect. 
Although theories of the popcorn mechanism 
differ, it is known that devices with surface 
contamination of the semiconductor chip 
will be particularly bad ‘poppers’. Adver- 
tising claims notwithstanding, the authors 
have never seen any manufacturer’s op amp 
that was completely free of “popcorn”. 
Some peak detector circuits have been 
developed to screen devices for low amplitude 
“pops”, but 100% assurance is impossible 
because an infinite test time would be re- 
quired. Some studies have shown that spot 
noise measurements at 10Hz and 100Hz, 
discarding units that are much higher than 
typical, is an effective screen for potentially 
high “popcorn” units. 


The vast majority of Harris op amps will 
exhibit less than 3 yV peak-to-peak ‘‘pop- 
corn’’. Screening can be performed, but it 
should be noted that the confidence level 
of the screen could be as low as 60%. 
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Typical Spot Noise Curves unless Otherwise Noted: Vs = +15V, Ta = +259C 
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Mean Square Noise Voltage, (V2/Hz) 
Mean Square Noise Current, (A2/Hz) 
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Harris Analog 


CMOS ANALOG MULTIPLEXERS AND SWITCHES; 
APPLICATIONS CONSIDERATIONS 


Don Jones and Al Little 


Introduction 


This article describes several important considerations 
for the use of CMOS analog multiplexers and switches. It 
includes selection criteria, parameter definitions, hand- 
ling and design precautions, interfacing, typical applica- 
tions, and special topics such as overvoltage protection 
and R.F. switching. Some other devices which perform 
analog switching functions are discussed as well. 


Application Note 521 is also recommended for the analog 
multiplexer and switch user. It details the different CMOS 
processes used by various manufacturers, showing the 
performance trade-offs and failure modes which may be 
encountered with each. 


Choosing the Right Device 


A. Multiplexers: Protected or Unprotected? 


Analog input signals which originate externally to a 
system can be destructive to a multiplexer for several 
reasons: 


1. Analog signals may be present while the MUX 
power supplies are off. 


. The signal lines may receive induced voltage spikes 
from nearby sources. 


. Static electricity may be introduced on the signal 
lines by personnel or equipment. 


. Grounding problems are frequent; A. C. power line 
voltages at high impedance can appear on the sig- 
nal lines. Signal lines can be accidentally shorted to 
other voltage sources. 


Each of these situations are common in data acquisition, 
telemetry, and process control systems. In each case, a 
voltage at the multiplexer input exceeds the rail voltage. 
Without current limiting, this voltage will degrade or 
destroy the device. 


Any conventional CMOS multiplexer can be protected 
against overvoltage destruction by external resistor- 
diode networks which limit input current to a safe level. 
Such networks are expensive, however, both in cost and 
in circuit board space. Another drawback is the output 
signal corruption that accompanies an overvoltage - 
regardless of which input is selected. This occurs due to 


parasitic bipolar transistors within the multiplexer which 
turn on during overvoltage. (Application Note 521 
explains this mechanism in detail). 


A few multiplexers feature built-in overvoltage protection, 
designed to eliminate the external networks. The protec- 
tion capability varies widely among these devices, 
however. Some offer very slight advantages over ordinary 
multiplexers while others withstand wide voltage ex- 
tremes. Unfortunately, nearly all suffer from the same 
Output signal corruption problem described above. 


Harris overvoltage protected multiplexers, HI-506A/ 
5907A/508A/509A, are an exception to this rule. During 
overvoltage, active protection circuitry automatically 
shuts off the parasitic transistor, thereby preventing out- 
put signal contamination. These devices will withstand a 
continuous voltage on any one input of +20 Volts greater 
than either supply (this limitation is due only to tempera- 
ture rise considerations at maximum ambient) and have 
withstood simulated static discharge conditions of 
greater than 4,500 Volts. 


It should be emphasized that only the HI-506A through 
SO9A (and exact equivalents from authorized alternate 
suppliers) will have this kind of protection necessary for 
inputs from the outside world. Certain CMOS process im- 
provements, such as “floating body” and “buried layer’ do 
help minimize one failure mode (latchup) but will still fail 
under excess voltage or current conditions prevalent in 
this type application. 


A simplified equivalent circuit of the Harris internal 
protection network is shown in Figure 1. 


+V 


ANALOG 
IN ANALOG 
OUT 


-V 


FIGURE 1. 
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This will help answer the question of what happens when 
the supplies are turned off, but input signals are present. If 
the supplies are shorted to ground, then the inputs will 
have about 1KQ. impedance to ground. If the supplies are 
open circuit, then the most positive and most negative in- 
puts will act as supplies to the multiplexer. 


In normal operating parameters, internally protected 
multiplexers have one difference from the unprotected 
versions-ON resistance is necessarily higher because of 
the added series current limiting resistor. However, to 
achieve the same degree of protection with conventional 
devices, the same resistance must be added externally, 
plus external diodes which would add to the effective 
leakage currents. 


Conventional unprotected multiplexers are suitable for 
systems where the MUX inputs come from sources within 
the equipment, such as from op amps powered by the 
same £15 volt supplies. The HI-506/507/1818A/1828A are 
intended for this type system. They are entirely free of any 
latch-up tendency, which have plagued some other types, 
even in these more benign applications. They are also free 
of the performance compromises which have accompa- 
nied some attempts to cure the latch-up problem. 


B. Which Switch To Switch To? 


Harris furnishes a complete line of CMOS analog 
switches, including replacements for most of the available 
CMOS and JFET switches. All types feature rugged 
no-latch-up construction, uniform characteristics over 
the analog signal range, and excellent high frequency 
characteristics. 


The HI-200 and HI-201 replace the popular, low cost 
DG200 and DG201 types dual and quad switches. 


The HI-1800A is low leakage dual DPST switch with a 
versatile addressing scheme, allowing use of a single type 
for many different switching functions. 


The HI-5040 through HI-5051 are low resistance types, 
offering one to four switches in virtually all combinations. 
These replace the HI-5040 series with significantly better 
performance, and with both 75 ohm and 30 ohm switches 
available in all configurations. These are also plug-in 
replacements for many of the DG180 and DG190 series of 
FET hybrid switches, offering the advantage of monolithic 
construction, but with slightly longer switching times. 


The analog switches do not contain overvoltage protec- 
tion on the analog inputs, although they will withstand 
inputs 2 or 4 volts greater than the supplies. External 
current limiting should be provided if higher overvoltages 
are anticipated, such as a resistor in series with the analog 
input of value: R(ohms)=(ViN - VSUPPLY) x50 where VIN 
is the maximum expected input voltage. All digital inputs 
do have overvolgate/static charge protection. 


Data Sheet Definitions 


A. Absolute Maximum Ratings 


As with all semiconductors, these are maximum condi- 
tions which may be applied to a device (one at a time) 
without resulting in permanent damage. The device may, 
or may not, operate satisfactorily under these conditions - 
conditions listed under “Electrical Characteristics” are 
the only ones guaranteed for satisfactory operation. 


B. Vs, Analog Signal Range 


The input analog signal range over which reasonable 
accurate switching will take place. For supply voltages 
lower than nominal, Vs will be equal to the voltage span 
between the supplies. Note that other parameters such as 
RON and leakage currents are guaranteed over a smaller 
input range, and would tend to degrade towards the Vs 
limits. All Harris devices can withstand +Vs applied at an 
input while -Vs is applied to the output (or vice-versa) 
without switch breakdown - this is not true for some other 
manufacturers’ devices. 


C. RON, On Resistance 


The effective series on-switch resistance measured from 
input to output under specified conditions. Note that RON 
changes with temperature (highest at high temperature) 
and to a lesser degree with signal voltage and current. 


D. Is(OFF), Ip(OFF), Ip(ON): Leakage Currents 


Currents measured under conditions illustrated on the 
data sheet. Harris prefers to guarantee only worstcase 
high temperature leakages, because room temperature 
picoampere levels are virtually impossible to measure re- 
peatable on available automated test equipment. Even 
under laboratory conditions, fixture and test equipment 
stray leakages may frequently exceed the device leakage. 
Leakages tend to double every 10°C temperature rise, so 
it is reasonable to assume that the +25°C figure is about 
0.001 times the +1250C measurement; however, in some 
cases there may be ohmic leakages, such as on the 
package surface, which would make the +25°C reading 
higher than calculated. 


Each of these leakage figures is the algebraic sum of all 
currents at the point being measured: to each power 
supply, to ground, and through the switches; so the cur- 
rent direction cannot be predicted. In making an error 
analysis it should be assumed that all leakages are in the 
worst-case direction. 


In most systems, Ip(ON) has the most effect, creating a 
voltage offset across the closed switch equal to Ip(ON) x 


RON. 
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E. VAL, VAH; Input Thresholds 


The lower and upper limits for the digital address input 
voltage at which the switching action takes place. All 
other parameters will be valid if all “O” addressd inputs are 
less than Va, and all “1” inputs are greater than Van. 
Logic compatibility will be discussed in detail later in this 
paper. 


F. la, Input Leakage Current 


Current at a digital input, which may be in either direction. 
Digital inputs on Harris devices are similar to CMOS logic 
inputs; connection to MOS gates through resistor-diode 
protection networks. Unlike some other devices there is 
no DC negative resistance region which could create an 
oscillating condition. 


G. Ta, TON; TOFF; Access Time 


The logic delay time plus output rise time to the 90% point 
of a full scale analog output swing. After this time the out- 
put will continue to rise, approaching the 100% point on 
an exponential curve determined by Ron x Cp(OFF). 


H. TOPEN, Break-Before-Make Delay 


The time delay between one switch turning OFF and 
another switch turning ON; both switches being 
commanded simultaneously. This prevents a momentary 
condition of both switches being ON, generally a very 
minor problem. 


I. Cg(OFF), Cp(OFF), Cp(ON) Input/Output Capacitance 


Capacitance with respect to ground measured at the 
analog input/output terminals. Cp(ON) is generally the 
sum of Cs(OFF) and Cp(OFF). Cp(OFF) is usually the 
most important term as rise time/settling characteristics 
are determined by RON x Cp(OFF), as well as the high 
frequency transmission characteristics. 


J. Cps(OFF), Drain to Source Capacitance 


The equivalent capacitance shunting an open switch. 


K. OFF Isolation 


The proportion of a high frequency signal applied to an 
open switch input appearing at the output: 


VIN 
VOUT 


This feedthrough is transmitted through Cps(OFF) to a 
load composed of Cp(OFF) in parallel with the external 
load. The isolation generally decreases by 6dB/octave 
with increasing frequency. 


off isolation = 20 log 


L. Ca, Digital Input Capacitance 


Capacitance to ground measured at digital input. This 
chiefly affects propagation delays when driven by CMOS 
logic. 


M. Pp, Power Dissipation: I+, I- 


Quiescent power dissipation, Pp = (V+ x I+) + (V-x I-). This 
may be specified both operating and standby (‘“Enable” 
pin ON/OFF). Note that, as with all CMOS devices, 
dissipation increases with switching frequency; but that 
Harris devices exhibit much less of this effect. 


Care And Feeding of 
Multiplexers And Switches 


Dielectrically isolated CMOS ICs require no more care in 
handling and use than any other semiconductor - bipolar 
or otherwise. However, they are not indestructible, and 
reasonable common sense care should be taken. 


In a laboratory breadboard, power should be shut off 
before inserting or removing any IC. It is especially 
important that supply lines have decoupling capacitors to 
ground permanently installed at the IC socket pins, as 
intermittent supply connections can create high voltage 
spikes through the inductance of a few feet of wire. 


Because each of the major manufacturers of CMOS multi- 
plexers and switches uses a radically different process, it 
is urged that units from all prospective suppliers be 
equally tested in breadboards and prototypes. It will be in- 
teresting to note which types survive best the hazards of a 
few weeks of breadboard testing. 


Particular care of semiconductors during incoming 
inspection and installation is quite important, because the 
cost of reworking finished assemblies with even a small 
percentage of preventable failures can seriously erode 
profits. All equipment should be periodically inspected 
for proper grounding. With these devices, it is not usually 
necessary to shackle personnel to the nearest water pipe, 
if reasonable attention is paid to clothing and floor 
coverings; but be alert for periods of unusually high static 
electricity. If special lines are already set up for handling 
MOS devices, it wouldn't hurt to use them. 


There are a few good rules for P.C. card layout: 


1. Each card or removable subassembly should contain 
decoupling capacitors for each supply line to ground. 
This not only helps keep noise away from the analog 
lines, but gives good protection from static electricity 
damage when loose cards are handled. 


2. When digital inputs come through a card connector, 
the pull-up resistor should be at the CMOS input. This 
forces current through the connector and prevents 
possible dry circuit conditions (see following discus- 
sion on digital interface). 


3. All unused digital inputs must be tied to logic “0” 
(ground) or logic “1” (logic supply or device + supply) 
depending on truth table and action desired. Open in- 
puts tend to oscillate between “0” and “1”. Itwouldalso 
be best to ground any unused analog inputs/outputs 
and any uncommitted device pins. 
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Digital Interface 


A. Reference Connection 


H1-5040 thru HI-5051 and HI-1800A/1818A/1828A require 
a connection to the digital logic supply (+5V to +15V). 


The HI-200/201/506A/507A have Vref pins which are 
normally left open when driving from +5 volt logic (DTL or 
TTL), but may be connected to higher logic supplies (to 
+15V) to raise the threshold levels when driving from 
CMOS or HNIL. The HI-200/201 will have significantly 
lower power dissipation when VR_F is connected to a 
high level supply. 


The HI-506/507/508A/509A do not have Vref terminals, 
but will operate reliably with any logic supplied from +5 to 
+15 volts. 


B. DTL/TTL Interface 


One major difference found in comparisons of similar 
devices from different manufactures is the worst-case 
digital input high threshold (VAH or VjH). These range 
anywhere from +2V to +5V; and anything greater than 
+2.4V is obviously not compatible with worst-case TTL 
output levels. The fact is that no CMOS input is truly TTL 
compatible unless an external pull-up resistor is added. 
TTL output stages were not designed with CMOS loads in 
mind. 


The experienced designer will always add a pull-up resis- 
tor from CMOS input to the +5 volt supply when driving 
from TTL/DTL: 


1. Interchangeability: allows substitution of similar de- 
vices from several manufacturers. 


2. Noise immunity: a TTL output in the “high” condition 
can be quite high impedance. Even when voltage noise 
immunity seems satisfactory, the line is quite suscepti- 
ble to induced noise. The pull-up resistor will reduce 
the impedance while increasing voltage noise immun- 
ity. 

3. Compatibility: one manufacturer does guarantee +2.0 
volt minimum V AH. However, this is accomplished with 
circuitry that is anything but TTL compatible: input 
current vs. voltage shows an abrupt positive then nega- 
tive resistance region which is not the kind of load 
recommended for an emitter follower stage. A pull-up 
resistor will swamp out the negative resistance. Other 
CMOS inputs capacitively couple internal switching 
spikes to the input which could cause double-trigger- 
ing without the pull-up resistor. 


4. Reliability: it shouldn’t happen with carefully pro- 
cessed ICs, but any possible long term degradation of 
CMOS devices usually involves threshold voltage 
shifts. The pull-up resistor will help maintain operation 


if input thresholds drift out of spec. On units without ad- 
equate input protection, the resistor will also help protect 
the device when a loose P.C. card is handled. Where the 
interface goes through a P.C. connector, the resistor will 
force current through the connector to break down any 
insulating film which otherwise might build up and cause 
erratic dry circuit operation. 


A 2K ohm resistor connected from the CMOS input to the 
+5 volt supply is adequate for any TTL type output. If 
power consumption is critical, open collector TTL/DTL 
should be used, allowing a higher value resistor - the vol- 
tage drop across the resistor is computed from the sum of 
specified “1” level leakage currents at the TTL output and 
CMOS input. 3 


C. CMOS Interface 


The digital input circuitry on all Harris devices is identical 
to series 4000 and 54C/74C logic inputs, and is compati- 
ble with CMOS logic with supplies between +5V and+15V 
without external pull-up resistors. 


D. Electromechanical Interface 


When driving inputs from mechanical switches or relays, 
either a pull-up or pull-down resistor must be connected 
at the CMOS input to clear the dry circuit and damp out 
any spikes, as illustrated in Figure 2, (b) and (c). 


+V +V 


: : 
I I 


(b) GOOD 


CMOS 


(a) POOR 


(c) GOOD 


FIGURE 2. 


A Practical Multiplexer Application 


Figure 3 illustrates a practical data acquisition system 
hookup using an analog multiplexer, a monolithic 
sample-and-hold and an A/D converter. The HA-2420/ 
2425 sample-and-hold is a particularly good choice for 
this type application because it eliminates the need fora 
separate high impedance, high slew rate buffer amplifier. 
Its acquisition time is consistent with CMOS multiplexer 
settling times and most available A/D conversion times. 
Errors, after initial adjustment, are consistent with up to 
12 bit absolute accuracy over a wide temperature range. 
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A. Accuracy 


D.C. error sources include: 


1. Multiplexer: 
a. input offset = R source x Is(OFF) 
b. output offset = R(ON) x (Ip(ON) + | bias (S/H) 


2. Sample-and-Hold 
a. input offset voltage 
b. charge injection; sample-to-hold offset 
Cc. gain error during “hold” 
d. drift during hold 


3. A/D converter: 
a. linearity 
b. gain drift 
c. offset drift 


Item 1(a) and (b), and 2(d) become significant only at very 
high temperatures. 2(a) and (b) are initially adjusted out 
with the offset adjustment pot on the S/H. 2(c) is usually 
adjusted out by A/D gain adjustment, but could also be re- 
moved by a voltage divider feedback on the S/H to givea 
Slightly greater than unity gain during “sample”. After 
initial adjustments, typical S/H errors are less than 0.5mV 
over 0°C to +75°C. Note that after adjustment, there may 
be an appreciable offset at the S/H output when switching 
from sample to hold. This is nota problem, since accuracy 
is required only during “hold”, and the system is adjusted 
for this. 


The largest system errors are usually 3(b) and (c), drifts 
with temperature and time. If two multiplexer channels 
can be dedicated for stable (+) and (-) reference voltage 
inputs, then the data processor can continuously cal- 
ibrate the system, effectively removing all errors, except 
1(a) and 3(a) which are usually negligible. 


HI-506A/508A/1818A + 15V CH 
ake oc ? 1000pF 
: = parcene® 
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SAMPLE/HOLD rT 
CONTROL L | 
Tact: 


A/D START Tea FES 
Soe Nacsa F 
A/D DATA READY 


FIGURE 3. 
B. Timing 


The timing diagram in Figure 3 indicates the necessary 
system delays for each multiplexer address: 


Ty is the combined acquisition time for the multi- 
plexer and S/H. 
T2 is the short interval required for the sample-to- 
hold transient to settle. 
T3 is the A/D conversion time. 
The following table indicates minimum recommended 
timing for +10 volt input range for acquisition/settling 
times to ’ LSB accuracy: 


a ee 
10 bit: 6us 1us 
12 bit: 12us 2us 


The multiplexer, by itself, requires about 2us and Qus 
settling to 10 bit and 12 bit accuracy, respectively; but for- 
tunately this can be concurrent with S/H acquisition time. 
This is longer than would be predicted by the RON Cp 
time constant; probably because of internal distributed 
Capacitance, a rather long period is required to traverse 
the last few millivolts towards the final value. 


It should be noted that impedance conditions at the multi- 
plexer inputs can affect the necessary acquisition time. At 
the instant the multiplexer switches from one channel toa 
new one, there is appreciable current pulled through the 
new channel input in order to charge Cp from its old level 
to its new level. This can cause ringing on signal lines, or 
glitches at signal conditioning amplifier outputs which 
require longer periods to settle. It is best for signal con- 
ditioning amplifiers to be wide band types, such as 
HA-5170, so that their high frequency output impedance 
is low and recovery from load transients is fast; even 
though the signal to be measured is very low bandwidth. 


The Ty and T2 times could be eliminated by alternating 
two S/H circuits, acquiring a new signal on the second 
while A/D conversion is taking place. The two S/H circuits 
would have inputs connected together, and outputs al- 
ternately connected to the A/D by an analog switch. Total 
time, then, would be T3 plus the analog switch settling 
time. 


If the MUX input channels are sequentially switched, each 
channel will be sampled at a rate of: 


1 
TS N(T1 + T2 #73) 
Samples per second, where N is the number of channels. 
The frequency spectra of the input signals must then be 
no higher than ES. 
2 


In many systems, however, each channel carries a dif- 
ferent maximum frequency of interest, and it may be 
desirable to depart from simple sequential scanning. 
Quickly varying signals, for example, could be addressed 
several times during a scanning period. 
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C. Adding Channels 


For more than sixteen channels, several multiplexers may 
be tied together at the outputs, and addressed in parallel, 
but with only one “enabled” ata time. The MUX output off- 
set will be increased, since |p (OFF or ON) is additive. 
Also, output capacitance, Cp, is additive, creating in- 
creased access times. 


These errors can be minimized in large systems by having 
several tiered levels of multiplexing; where the outputs of 
a number of MUXs are individually connected to the in- 
puts of another MUX. 


D. Differential Multiplexing 


When low level analog signals must be conducted over a 
distance, it is generally better, from a noise pickup stand- 
point, to use a balanced transmission line carrying signals 
which are differential with respect to ground. 


A dual multiplexer is used for this purpose, as shown in 
Figure 4. Two sample-and-hold circuits plus an op amp 
form a high impedance differential sample-and-hold with 
gain. At gains greater than 4, the minimum sampling time 
(T1 in previous example) must be increased proportion- 
ately to gain to allow for overdamped settling charac- 
teristics. 


When handling low level, or high impedance signals, con- 
sideration should be given to adding signal conditioning 
amplifiers at the signal sources, since this can often 
produce less troublesome, more accurate, lower cost 
“systems. 


HI-507A/509A/1828A 
ae; 7 


ADDRESS 


FIGURE 4. 
E. Demultiplexing 


Since the switches in a CMOS MUX conduct equally well 
in either direction, it is perfectly feasible to use it as a 
single input-selected multiple output switch. Figure 5 
illustrates its use aS a demultiplexer, with capacitors to 
hold the output signal between samples. When the 
address lines are synchronous with the address of the 
original multiplexer, the output lines will create the 
original inputs, except level changes will be in steps. 


Overvoltage protection is not effective with signals 
injected at the normal MUX output, so an external network 


should be added, if necessary. 


A more accurate demultiplexer could be constructed 
using the HA-2420/2425 sample-and-hold for each 
channel, connecting inputs together and sampling each 
channel sequentially. 
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FIGURE 5. 
Analog Switch Applications 
A. High Current Switching 


Analog switches are sometimes required to conduct 
appreciable amounts of current, either continuous, or 
instantaneous - such as charging or discharging a 
capacitor. For best reliability, it is recommended that in- 
stantaneous current be limited to less than 80mA peak 
and that average power over any 100 millisecond period 
be limited to IZRon S (absolute maximum derated power- 
quiescent power). Note that Ron increases at high 
current levels, which is characteristic of any FET switch. 
Switching elements may be connected in parallel to 
reduce RON. 


B. Op Amp Switching Applications 


When analog switches are used either to select an op amp 
input, or to change op amp gain, minor circuit rearrange- 
ments can frequently enhance accuracy. In Figure 6(a), 
RON Of the input selector switch adds to Ry, reducing gain 
and allowing gain to change with temperature. By 
switching into a noninverting amplifier (b), gain change 
becomes negligible. Similarly, in a gain switching circuit, 
Ron is part of the gain determining network in (c), but has 
negligible effect in (d). 


APPLICATION 
NOTES 


(d) HIGH ACCURACY 


FIGURE 6. 
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C. Switching Spikes And Charge Injection 


Transient effects when turning a switch off or on are of 
concern in certain applications. Short duration spikes are 
generated (Figure 7(a)) as a result of capacitive coupling 
between digital signals and the analog output. These have 
the effect of creating an acquisition time interval during 
which the output level is invalid even when little or no 
steady state level change is involved. The total net energy 
(charge injection) coupled to the analog circuit is of con- 
cern when switching the voltage on a capacitor, since the 
injected charge will change the capacitor voltage at the 
instant the switch is opened (Figure 7(b)). 


(a) (b) 


FIGURE 7. 


Charge injection is measured in picocoulombs; the volt- 
age transferred to the capacitor computed by 
re Charge (pC) 

Capacitance (pF) 


Both of these effects are, in general, considerably less for 
CMOS switches than for equivalent resistance JFET or 
PMOS devices, since the gate drive signals for the two 
Switching transistors are of opposite polarity. However, 
complete cancellation is not possible, since the N and P 
channel switches do not receive gate signals quite simula- 
neously, and their geometrics are necessarily different to 
achieve the desired D.C. resistance match. 


In applications where transients create a problem, it is fre- 
quently possible to minimize the effect by cancellation in 
a differential circuit, similar to Figure 8. 


DIFFERENTIAL 
AMPLIFIER 


SIGNAL 


FIGURE 8. 


Among the Harris analog switches, the HI-201 is the best 
from the transient standpoint, having turn-on spikes of 
about 100mV peak, 50ns width at the 50% point, and 
charge injection at turn-off of about 20 picocoulombs. 
Transients of the HI-5040 series are several times higher. 


D. High Frequency Switching 


When considering a switching element for R.F. or video 
type information, two factors must be watched: attenua- 
tion vs. frequency characteristics of an ON switch, and 


feedthrough vs. frequency characteristics of the OFF 
switch. Optimizing the first characteristic requires a 
low RON xX Cp product, and the second a low value of 
Cps (OFF). 


One approach is to use the 30 ohm switch types of the 
HI-5040 series. 


Figure 9 illustrates three circuit configurations; (a) isa 
simple series switch, (b) is a series-shunt configuration to 
reduce feedthrough, and (c) isa SPDT selector configura- 
tion with series-shunt elements. A 1K ohm load is 
illustrated, which might be the input impedance of a buf- 
fer amplifier; a lower load resistance would improve the 
response characteristics, but would create greater losses 
in the switch and would tend to distort high level signals. 


HI-5046A 


SIG. GEN. 


(a) 


SIG. GEN. 


(b) 


H1-5046A 


SIG. GEN. 


{c} 


FIGURE 9. 


Figure 10 shows ON and OFF frequency response for 
each of the above configurations. Arbitrarily, we will de- 
fine useful frequency response as the region where ON 
losses are less than -3dB and OFF isolation is greater than 
-40dB. 
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The simple configuration (a) has excellent ON response, 
but OFF isolation limits the useful range to about 1MHz 
(the data sheet indicates -80dB isolation at 100kHz, but 
this is measured with 100 ohms load, which acounts for 
the 20dB difference). 


The circuit in (b) shows a good improvement in isolation 
produced by the low impedance of the shunt switch. The 
useful range is about 10MHz; which could also be 
achieved in a simple SPDT 2-switch selector if source 
impedances are very low. 


The selector switch in (c) has excellent characteristics, 
both ON and OFF curves indicating 40MHz useful re- 
sponse. Additional switches connected to the same point 
would reduce the ON response because of added shunt 
capacitance; but this could be eliminated by feeding 
separate summing amplifier inputs. 


INPUT TO OUTPUT TRANSMISSION dB 


FREQUENCY MHz 


FIGURE 10. 


For many applications, a better approach is to use the 
HI-524 monolithic wideband CMOS multiplexer. This 
device utilizes a series-shunt multiple switching network 
to achieve low crosstalk without sacrificing or com- 
promising other operational parameters. As shown in 
Figure 11, each channel comprises three CMOS FET 
switch gates, with two in series and the third shunted to 
ground. The two series switches ensure both a high off 
isolation and low feed-through capacitance. The shunt 
grounding switch, closed automatically by the control 
logic when its corresponding series pair are open, shunts 
nonselected channels to ground, thus minimizing cross 
talk. With this circuit topology, crosstalk is typically -60dB 
at 10MHz. 


A buffer amplifier is used with the HI-524 for high fre- 
quency applications, due to its higher ON resistance, and 
should offer sufficient bandwidth and slew rate to avoid 
degradation of the anticipated signals. For video switch- 
ing, the HA-5033 and HA-2542 offer good performance 
plus +100mA output current for driving coaxial cables. 
For general wideband applications, the HA-2541 offers 
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-15V PWR+I5V EN Ag Ay 
GND 


FIGURE 11. 


the convenience of unity gain stability plus 90ns settling 
(to +0.1%) and +10V output swing. Also, the HI-524 in- 
cludes a feedback resistance for use with the HA-2541. 
This resistance matches and tracks the channel ON resis- 
tance, to minimize offset voltage due to the buffer’s bias 
currents. 


Careful layout is, of course, important for high frequency 
switching applications to avoid feedthrough paths or ex- 
cessive load capacitance. 


Alternatives to CMOS Switches 
and Multiplexers 


CMOS devices are excellent in many applications. 
However, there are some other devices which merit con- 
sideration in certain analog switching circuits where they 
may improve performance, reduce parts count, or be 
more economical. 


A. The PRAM, Programmable Amplifier 


The HA-2400/2405 is a unique monolithic bipolar circuit 
which combines analog switching with high performance 
operational amplifiers. It basically consists of fouropamp 
type input stages, any one of which is connected to a 
single output by bipolar switches controlled through a 
TTL compatible address decoder. In a single package, it 
contains the equivalent of 5 op amps plus a 4 channel 
multiplexer. It has literally hundreds of applications in sig- 
nal selection and programmable signal conditioning. 


Figure 12 illustrates a four channel multiplexer. Connec- 
tions from the output to each input stage are always the 
same as a comparable op amp circuit; the +1 gain connec- 
tion is illustrated. 
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FIGURE 12. 


Advantages over a comparable CMOS multiplexer circuit 
areas follows: 

1. High input impedance (1012 ohnms), low output 
impedance (<0.1 ohm) means than ON resistance 
and leakage currents are no longer of concern. There 
is negligible transient loading of input lines. 

2. Gain filtering, etc. can easily be added with feedback 
networks. 


3. Fast acquistion (1.5ys). 
4. Wide bandwidth (8MHz). 
5. Superior feedthrough characteristics (-110dB at 
10kHz, -60dB at 1MHz). 
Disadvantages include: 


1. Less accuracy for low level D.C. signals; the offset 
voltages of each input stage do not necessarily 
match or track each other. 


2. Cannot be used in reverse as a demultiplexer. 
3. Disabling the device (enable pin low) does not open 
the output line, or drive the output to zero. Adding 


channels may be accomplished by tying compensa- 
tion pins together. 


Figure 13 illustrates the PRAM used as a programmable 
gain amplifier. Any connection possible with Opampscan 
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be wired 4 ways to make programmable active filters, 
oscillators, etc., etc. Harris Application Note 514 shows 
many possibilities. 


DIGITAL 
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FIGURE 13. * 
AMPLIFIER, NONINVERTING PROGRAMMABLE GAIN 


B. Sample-And-Hold 


The sample-and-hold function has often been ac- 
complished with separate analog switches and Op amps. 
These designs always involve performance tradeoffs 
between acquisition time, charge injection, and droop 
rate. 


The HA-2420/2425 monolithic sample-and-hold, _ il- 
lustrated previously in Figure 3 has many times better 
tradeoffs, usually at a lower total cost than the other 
approaches. The switching element is a complementary 
bipolar circuit with feedback which allows high charging 
currents (30mA), low charge injection (10pC), and ultra 
low OFF leakage current (5pA); a combination not ap- 
proached in any other electronic switch. These factors 
make it also superior as an integrator reset switch, orasa 
precision peak detector as shown in Figure 14. Harris 
Application Note 517 illustrates many other applications. 
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GETTING THE MOST OUT OF CMOS DEVICES 
FOR ANALOG SWITCHING JOBS 


By: Ernie Thibodeaux 
and Al Little 


Introduction 


CMOS analog switches and multiplexers are now widely 
used for a broad range of applications. They offer low 
power consumption, low on-resistance, and will conduct 
a signal in either direction. In addition, CMOS switch 
structures exhibit no DC offset voltage and can usually 
handle signals up to the supply rails. 


Not all CMOS analog switches are alike, however. 
Different technologies are employed by different manu- 
facturers. Some types, handicapped by inherent process 
limitations, can create significant problems for the user. 
Switches built with older types of junction isolation, for 
example, can literally self-destruct when a latch-up con- 
dition occurs. To prevent destruction, costly external 
protective circuits are needed, but the devices can still 
latch up unless the power is turned on and off in a set 
sequence. Switch circuits can also be destroyed by elec- 
trostatic discharge, input overvoltage spikes and power 
supply transients. 


Newer types of technologies include latch-proof junction 
isolation (Jl), floating-body junction isolation, and dielec- 
tric isolation (DI). Both JI techniques are conventional 
processes that have been slightly modified to alleviate the 
old problem of latch-up. However, both of these Jl 
technologies still require costly external protection cir- 
cuits to guard against burn-out in such applications as 
analog-signal multiplexing that interface them with the 
outside world. That is why JI devices are best suited for 
internal-switching applications where the electrical 
environment can be controlled. In contrast, the improved 
DI technology, by virtue of its construction, offers analog- 
switching devices suitable for many inside applications, 
as well as providing on-board analog protection for 
devices that interface with the other circuits. Happily, the 
smaller substrate area of the DI device delivers a better 
speed-power product than the JI technology. 


The Basic CMOS Switch 


The basic CMOS transistor (Figure 1) has parasitic junc- 
tions that are reverse-baised during normal operation. 


However, certain overvoltage conditions can forward- 
bias these junctions to cause high currents that could 
possibly destroy the devices. 


GATE 


tik n-CHANNEL 


SOURCE 


Vs OUT 


(V+ = Vg = V-} aes p-CHANNEL 
GATE 
FIGURE 1. BAD 


In the basic CMOS analog switch, the parasitic junctions are reversed- 
biased during normal operation. Large overvoltages, however, make them 
forward-biased and draw large currents. 


The parasitic junctions are actually npn and pnp transis- 
tors that are normally reverse-biased by the applied body 
potentials. However, because many analog switches, and 
especially multiplexers, are connected to their analog 
sources through long lines, they are highly susceptible to 
externally induced voltage spikes. For example, these 
spikes, which can often exceed the p-channel body 
potential, V+, can inadvertently turn on a normally off 
switch through the parasitic pnp transistor (Figure 1). 


The n-channel device is similarly affected when the para- 
sitic npn transistor is turned on by a negative overvoltage. 
This action, commonly known as channel interaction, 
causes momentary channel-to-channel shorting, which 
introduces significant errors in the system. This intermit- 
tent condition is rarely isolated because it occurs only 
randomly. 
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One of the adverse effects of channel interaction is 
illustrated in Figure 2. Channel 1 of an analog multiplexer 
is selected when all other channels are off. Channel 16 re- 
ceives an input-noise spike that momentarily exceeds the 
positive supply. The sequence causes channel 1 read-out 
to be +16V because of interaction with channel 16 just be- 
fore initiating the hold command to the sample-and-hold 
device. To prevent this annoyance requires additional 
protective circuits that clamp each channel input to a vol- 
tage below the threshold of the parasitics to ensure that 
the channels remain inactive under any conditions. 


MULTIPLEXER 


RON : 
CH 1 (ON) ria 
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CH 16 
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SAMPLE/HOLD +5V 
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FIGURE 2. WORSE 


With CMOS devices, noise spikes can cause channel interaction. In this 
multiplexer, although channel 1 is only one selected, noise spikes cause 
cross talk in channel 16, which affects reading. 


A more serious condition exists when the substrates 
(p- or n-) lose their respective potentials to ground 
(Figure 3) -a condition that occurs when power to the 
device is turned off while the analog signals are still pre- 
sent. In this situation, the analog switch, which at that 
point represents a diode connected through the low 
impedance of the supply, draws high current from the 
analog source. 


This current turns on the switch through its parasiticsand 
shorts all channels to the output. These shorts can easily 
be catastrophic in multiplexer systems that have different 
power supplies for the analog source and the multiplexer 
switch. An error during troubleshooting or an inadvertent 
supply glitch can trigger this fault mode and destroy the 
whole system. Therefore, there is obviously much more to 
system reliability than having latch-proof CMOS devices. 


ISHORT 


MUX 
IN OUT 


FIGURE 3. STILL WORSE 


Most serious in CMOS swithes is losing substrate potential to ground. This 
condition, which happens when power is lost and the analog signal is pre- 
sent, Causes very high currents. 


Considering Latch-Proof JI Technology 


The standard JI process has been modified by what is 
claimed to be latch-proof construction through control of 
the effective betas of the parasitic transistors. A cross sec- 
tion in Figure 4(a) shows the CMOS structure along with 
its parasitic transistors and the equivalent circuit in Figure 
4(b) that gives rise to the silicon-controlled-rectifier latch- 
up problem. 


Under any of the fault conditions previously mentioned, 
the npn and/or pnp can trigger this quasidual-gate SCR 
into a state of high conduction. If the transistor B product 
is 1 or greater, this configuration is sustained until either 
the device burns up or all sources of power are removed. 
By using a buried-layer configuration, as shown in the 
cross section, the B product is reduced to less than 1: 
eliminating the latch-up conditions. 


Again, especially in multiplexer applications, the latch- 
free devices do not guarantee against destruction, and the 
JI multiplexer still requires costly discrete circuits around 
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FIGURE 4. LATCH-PROOF. 


Junction-lsolated devices are now made latch-proof with a buried-layer configuration (a), which keeps beta of parasitic transistor under unity. That kills 
chance for latch-up (b), which plagues devices built with older junction-isolation technology. 
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FIGURE 5. PROTECTION STILL NEEDED. 


Although new JI devices won't latch up, they still can be destroyed by large currents. That's why typical JI multiplexers, like the one shown here, still need 
to be surrounded by external protective components, which drive up system costs. 


the device, as shown in Figure 5. If an overvoltage exists, 
the resistor/diode circuit at each analog input limits the 
input voltage to the supply-voltage range to prevent the 
parasitic transistor action. 


The resistors limit the overvoltage currents through the 
diodes. The diodes must have a low threshold voltage- 
much lower than the 0.6V silicon-junction threshold of the 
internal parasitic diodes-to ensure that the parasitics do 
not turn on. 


A germanium diode offers a low threshold voltage, but its 


high leakage current makes it impractical, especially in 
0.1% systems. Therefore, in most applications, more ex- 
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pensive low-leakage diodes are used. 


For example, Schottky diodes meet the requirements but 
they are expensive. The total cost per multiplexer, in- 
cluding parts and labor, for the discrete protection circuit 
may well be double the initial purchase price of the device. 
Even then, its reliability will never approach that of an IC 
that has this protection already built in. 


The Floating-Body JI Technology 


Standard JI technology allows another approach to latch- 
proof device construction: a portion of the SCR continuity 
is broken by floating the “body” or substrate of the 
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n-channel switching device. A cross section of this 
process is similar to that in Figure 4(a), excluding the 
buried layer and the negative supply connection to the 
p- substrate, so that the dual-gate SCR is changed toa 
single-gate device that can only be triggered by the pnp 
parasitic. This, of course, reduces the latch-up probability 
by 50%. 


To completely eliminate latch-up, as before, the B product 
of the transistors is reduced to less than 1. This ac- 
complishment, certainly a significant improvement over 
the conventional process, offers greater reliability, but 
certain trade-offs must be made when the body of a 
MOSFET is floated. 


Nominal source-to-drain breakdown voltages are re- 
duced which limit the peak-to-peak signal range. Over-all 
breakdown is limited by the collector-emitter breakdown 
voltage, BVCEO, of the non-parasitic transistor of the 
floating n-channel MOSFET. The breakdown voltage in- 
creases with the degree of reverse-bias potential applied 
to the substrate. With a floating body, BVCEO is mini- 
mum, So particular care is necessasry when using these 
devices in configurations such as single-pole double- 
throw, dpst, and dpdt, where each side of the switch 
connects to opposite polarities. The peak-to-peak 
handling capability is specified at a minimum of 22V; 
therefore, 30V pk-pk cannot be switched with +15V sup- 
plies, as it can with other CMOS devices. 


What's more, the leakage currents of floating-body JI 
devices are higher than other types, simply because the 
ICEO of the floating base for the npn is much greater than 
ICBO of other devices having fixed reversed-biased body 
potentials. The increased leakage currents in spst 
Switches may not be too significant. 


However, in multiplexers that have the outputs of as many 
as 16 switches tied together in one IC, the total summation 
of currents can significantly affect system accuracy. For 
example, the specification for a worst-case 16-channel 
floating-body multiplexer is 10 microamperes, and the 
channel on resistance is 550 ohms. The DC offset error 
would be 5.5 millivolts, representing an accuracy to 
0.055%. 


Other 16-channel types specify worst-case parameters of 
500 nanoamperes and channel resistance between 550 
ohms and 2 kilohms. Their DC offset error is between 
0.28mV and imV, respectively, allowing accuracy to 
0.01% or better. 


Finally, the effective off impedance of the floating-body 
switch is degraded by the floating-body technique. Off- 
isolation characteristics of a MOSFET are primarily 
determined by its source-to-drain Capacitance. But with 
the base floating, the effective capacitance from emitter to 
collector is increased by the series combination of 
emitter-base and base-collector-junction capacitances 
(Figure 6a). This increase degrades the over-all off-isola- 
tion characteristics. For example, the off isolation fora 
typical floating-body channel at 1 megahertz that has 
RL = 100 ohms is specified to be -54 decibels, which 


compares favorably with other types. However, at lower 
frequencies such as 1kHz, the isolation is only -62dB, 
compared to more than -110dB for improved devices. 
Capacitances Cj and Co for them are shunted by the low 
AC impedance of the supply voltage (Figure 6b). 


FLOATS 


OUT 


OUT 


FIGURE 6. FLOATING BODIES. 


Floating-body switches have degraded “off” impedance because total 
Capacitance (a) combines two junction capacitances. In DI circuit (b), 
capacitances are shunted out. 


The Linear Dielectric-lsolation 
Technology 


The linear dielectric-isolation process requires no modifi- 
cations to guard against latch-up. Its basic construciton 
ensures that the SCR configuration that causes latch-up 
can not exist. The functional cross section in Figure 7 
reveals the silicon-dioxide isolation barrier fabricated 
between all parasitic transistors. This isolation allows 
each active element to be self-contained and independent 
with no interface junctions. At most, only three-layer 
Structures are permitted for each tub, so that four-layer 
Structures, or SCRs, are impossible. Also, since the DI 
technology requires no guard bands, junction capa- 
citances, leakage currents, and size are minimized. The 
resulting increase in packing density per wafer, together 
with increased yields, enables these devices to be cost- 
competitive with other types. 

ISOLATION 


GATE GATE 


TOSCO 
eeeees RK 


Cx) 2, 
QX SRK 


FIGURE 7. HOW DI DOES IT. 


Dielectric isolation eliminates latch-up by a silicon-dioxide isolation bar- 
rier between devicees. This separates all active elements, eliminating 
interface junctions that cause parasitic SCRs. 


In working with DI devices, the IC designer is not 
burdened with the fixed substrate potentials found in JI 
devices. He may let the substrate float, fix it to some 
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potential, or even modulate it. Figure 8 depicts a typical DI 
analog switch circuit that minimizes the variation of on 
resistance with the analog signal. Ordinarily, in con- 
ventional circuits, the body or substrate potentials of the 
n and p-channel devices are fixed and the source-to-body 
bias potentials vary with the analog input voltage. This 
change in body bias causes a wide variation of on resis- 
tance within the analog signal range. However, in the DI 
circuit, the bodies of Py and Nz are connected together 
through Ng during the on state. This allows the body to 
follow the input voltage providing a constant source-boay 
bias and therefore a constant on resistance. During the 
offstate, the bodies of Nj and Pj are at their respective 
supply potentials through Po and Na, thereby preserving 
high off isolation and low leakage currents. 


FROM DECODE 


FROM DECODE 


FIGURE 8. DI DOES IT. 


In dielectrically isloated switches, on resistance modulation by the analog 
input is minimized by connecting N41 and P; bodies together through N3. 


Designing a Foolproof CMOS 
Analog Multiplexer 


In dielectrically isolated multiplexer circuits, protection 
can be provided on the chip primarily to eliminate channel 
interaction. This protection prevents normally off 
channels from being turned on by parasitics from other 
channels. And because this interaction is prevented, even 
worst-case power-supply faults cannot destroy the de- 
vice. Moreover, since DI structures have no SCR effect, 
protection against latch-up and power-sequencing are 
not necessary. In short, DI multiplexers with built-in pro- 
tection can withstand virtually any conceivable fault from 
the outside world. 


The typical protected DI multiplexer (Figure 9) benefits 
from a combined bipolar/CMOS technology. The 
illustrated bipolar section is used to sense an analog over 
voltage condition and steer current away from the 
parasitic MOSFET junctions. Each of the switching de- 


vices, Ni and Pj, has its own proteciton circuits. Devices 
P3, Dg, D7 and Q¢6 protect Py, while Ng, D4, D5 and 
Qs protect Ny. When the switch is off, the substrate of the 
p-channel FET, Py, is connected to V+ through P3 and 
diode D7 for maximum isolation and low leakage currents 
in the off state. If the input voltage suddenly exceeds V+, 
the source-body junction, which would normally con- 
duct, is instead clamped by transistor Q6. 


PROTECTION Ny 


FROM DECODE 


OVERVOLTAGE 


FROM DECODE 


FIGURE 9. WINNING COMBINATION. 


Combining bipolar and MOS technologies in the same multiplexer gives 
built-in protection. This circuit is typical for each channel in multiplexers 
H!-506A/07A/08A/09A and HI-546/47/48/49. 


The base-emitter junction conducts to hold the source- 
body diode off with a saturation voltage VCE(SAT) of 
about 0.2V. Thus clamped, the switch is protected from 
the effects of overvoltage. 


Clamp Q6 always turns on before the forward-voltage 
drop of the source-body diode is exceeded because diode 
D6 requires an additional forward-voltage drop for 
conduction though the parasitic junciton. Moreover, 
resistor Rj limits the current flowing through Q6 when 
high overvoltages exist. Although R adds to the total on- 
resistance of the channel, its associated error is insignifi- 
cant, since most systems provide high-impedance 
buffering anyway. For negative overvoltages, Ny is 
similarly protected. What's more, the protection circuit, 
rated at a continuous overvoltage of 35V, reveals a cross- 
talk current of only about 5nA (Figure 10). 


When the switch is normally turned on, the substrates of 
Nz and P are connected together through Na, which, as 
described before, results in a constant on resistance. 


This condition represents an absolute error from channel 
interaction of only 6 microvolts (RON * 5nA) - certainly 
negligible in most systems. In contrast, floating-body 
types have guarantees only that they won't be burned up 
by +25V overvoltage. Their manufacturers do not make 
any claim against channel interaction. In fact, channel in- 
teraction occurs readily in these devices when the n- and 
p-channel thresholds are exceeded by an overvoltage. 
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For example, the n-channel device, although floating, 
would be inadvertently turned on if the analog input 
exceeded the negative supply by its gate-to-source thres- 
hold, which is typically 1.5V. 


21 


ANALOG INPUT 
CURRENT (ljN) ~~ 


=< 
= 
— 
= 
Lu 
Cc 
c 
=> 
o 
Lu 
[to} 
<x 
=< 
<x 
tu 
4 
a 
LL. 
oS 
— 
= 
a 
_ 
a 
o 


‘ 


3 OUTPUT OFF LEAKAGE 
CURRENT Ip (OFF) 


(ly) ANALOG INPUT CURRENT (mA) 


+15 +18 +21 +24. +27 +30 +33 +36 
Vin - ANALOG INPUT OVERVOLTAGE (VOLTS) 


FIGURE 10. BLOCKING CROSS TALK. 


DI switches have minimal cross-talk problems. An overvoltage of 33V pro- 
duces a cross-talk current of only 5nA - an absolute error from channel 
interaction of only 6yV. 


In addition to handling continuous input overvoltages, the 
HI - 506 A / 546 series multiplexers also survive very 
large transient conditions. These devices typically 
withstand repeated static discharges well beyond 4,000 
volts at any analog input. In fact, even the unprotected 
H!-506/507/508/509 units can withstand discharges 
beyond 3,000 volts, though they do not compare to the 
steady state and signal protection offered by the “A” 
series. 


Adding Benefits 


Additional DI benefits are passed on to the user in the 
design of the digital input-protection circuit shown in 
Figure 11. The fabrication of all components as isolated 
silicon islands eliminates any possibility of latch-up. The 
diodes switch fast and quickly discharge any static 
charge that may appear at the digital MOS input gates. 
Tests have shown that the digital inputs can typically 
withstand repeated discharges at the 2,000 volt level. 


The DI technology enables a wide variety of active 
elements to be integrated on the same chip to provide 
maximum versatility. For example, in the transistor-tran- 
Sistor-logic/CMOS reference circuit shown in Figure 12, 
the bipolar technology enables realization of a simple 
zener reference circuit, consisting of resistor Ro and tran- 
sistors Q1, Qa, and Q3. 


TO 
ADDRESS 
BUFFER 


DIGITAL IN 


Vf = O.6V 


FIGURE 11. DIGITAL PROTECTION. 


DI devices also protect digital inputs. For example, the diodes in this cir- 
cuit quickly discharge any static charge that may appear on an MOS input 


gate. 
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FIGURE 12. PACKING IT IN. 


DI technology increases chip density of analog switch, allowing more cir- 
Cuit capability per package. For example, DI designs make possible this in- 
ternal logic reference circuit in HI-200 and HI-201 switches. 
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The circuit develops a stable 5V reference for interfacing 
with TTL and eliminates the need for an additional 5V 
logic supply. Current for the zener (Q3) is supplied 
through the normally on MOSFET, Py, which can be 
easily turned off if not needed to minimize power 
consumption when interfacing with CMOS-logic circuits. 
P4 turns off when V+ or supply voltage Vpp is applied to 
the reference terminal VREF to convert the ICs 
power consumption from bipolar to CMOS level. If power 
is not critical, VREF Can be left open to speed switching. 


In high-speed data acquisition systems, the designer is 
concerned with both quiescent power and dynamic 
power consumption. If Jl devices are used, the 
capacitance or leakage currents are so high they 
contribute a major portion of total power consumption. 
That situation is caused by the large-geometry parasitic 
junctions formed by the n- junction. 


In contrast, the smaller substrate area of the DI device 
provides much less power drain. Dynamic-power 
consumption as a function of frequency for several 


16-channel analog multiplexers +15V supplies is shown 
in Figure 13. The DI device consumes only 100mW. at 
1MHz to yield the best speed-power product. 
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FIGURE 13. DI PERFORMS. 


DI devices not only perform well, but do it with less power. Dynamic-power 
consumption data for commercial multiplexers shows DI device 
consuming only 100mW at 1MHz. 
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DIGITAL TO ANALOG 
CONVERTER TERMINOLOGY 


By Dick Ti Tung 


Introduction 


In recent years the development and rapid reduction 
in cost of digital integrated circuits have resulted in 
an explosion in the applications of digital processing 
systems in the area of data acquisition and automatic 
process control. The need for a building block, 
such as the digital-to-analog converter (DAC), which 
interfaces the digital system with the analog world, 
is evident. 


The purpose of digital-to-analog conversion is to 
Produce a unique but consistent analog quantity, 
voltage or current, for a given digital input code. 
The most commonly used input digital code to a 
DAC is the natural binary number. A natural binary 
number is represented as 


N = An2n i An-12"-1 Stee 
A.12-1+...+A_,2-0 


. + Az21 + Ag20 + 


where the coefficients Aj (for n >i >-n) assume the 
values of “O” or ''1” and is called a ‘bit’. The left 
half portion of the binary number N 


An2" + An-429-1+...+A421+ Ag20 


constitutes the integer part of the number N, whereas 
the right portion 


A.42-1+ A_22-2+...+A_,2-n 


constitutes the fractional part of the number N. The 
bit that carries the greatest weight (left most bit) is 
called the most significant bit, or MSB. Similarly, 
the bit with the smallest weight (right most bit ) is 
called the least significant bit, or LSB. 


The analog output of a n-bit binary DAC is related 
to its binary number in the following manner: 


Eg = FS(A_12-1 + A_92-2 +... + A_,2-N) 


where the term FS is defined as the nominal Full- 
Scale output of the DAC and it is known as the un- 
reachable Full-Scale. It is easy to see that the actual 
Full-Scale output of the DAC, E¢s, with all the 
input bits 1” is 


Erg = FS(2-1 + 2-2 + | 


. + 2-M) = FS(1-2-N). 


The term FS(1/2") is the smallest output level that 
the DAC can resolve and it is known as the 1 LSB 
output level change. It is universal practice that the 
input code of a DAC is written in the form of binary 
integer with the fractional nature of the correspond- 
ing number understood. 


As an example, the transfer function of an ideal 
3-bit binary DAC is plotted as shown in Figure 1. 
Since a 3-bit DAC has only 8 discrete input codes 
which correspond to 8 different output levels (rang- 
ing from zero to 7/8 FS), no other output levels can 
exist and it is plotted as a bar graph. The line that 
connects the Zero and FS is called the Gain Curve. 
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Figure 1 — Ideal Transfer Function 
Straight Binary (Unipolar) 


There are two other input codings associated with 
binary DACs known as Bipolar codes, which are 
offset binary and two’s complement binary codes. 
The offset binary code is obtained by offsetting the 
binary code such that the half-scale code, 10... 0, 
becomes zero. And the two’s complement code is 
achieved by inverting the MSB of the offset binary 


code such that it is mathematically consistent with 
computer arithmetic. The transfer functions for the 
3-bit DAC with offset binary input code and two’s 
complement input code are plotted as shown in 
Figure 2 and Figure 3, respectively. (The +FS and 
-FS limits are used for easy interpretation of Bipolar 
operations. They are not confined by the previous 
definition of FS.) 


In practical DACs, the zero output level may not be 
exactly zero (offset error), the range from zero to 
FS may not be exactly as specified (gain error), the 
differences in output levels may not be changing 
uniformly (nonlinearity), and so on. In selecting a 
DAC for a given application, some characteristics 
may have to be weighted more than the others. 
An understanding of some of the terms and charac- 
teristics involved in D/A conversion is helpful in 
choosing the correct part. 
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Figure 2 — Ideal Transfer Function 
Offset Binary (Bipolar) 
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Figure 3 — Ideal Transfer Function 
Two’s Complement (Bipolar) 


Terminology 


Least Significant Bit (LSB) — The digital input bit 
carrying the lowest numerical weight (1/2"); or the 
analog output level shift associated with this bit 
(FSR/2") which is the smallest possible analog output 
step. 


Most Significant Bit (MSB) — The digital input bit 
carrying the highest numerical weight (1/2); or the 
analog output level shift associated with this bit. Ina 
binary DAC the MSB creates a 1/2 FSR output 
level shift. 


Resolution — An indication of the number of possible 
analog output levels a DAC will produce. Usually, 
it is expressed as the number of input bits. For 
example, a 12-bit binary DAC will have 212 = 4096 
possible output levels (including zero) and it has 
a resolution of 12 bits. 


Absolute Accuracy — A measure of the deviation of 
the analog output level from the ideal value under 
any input combination. Accuracy can be expressed 
as a percentage of full scale range, a number of bits 
(n bits accuracy means a magnitude of 1/29 FSR 
possible error may exist), or a fraction of the LSB 
(if a DAC with n-bit resolution has 1/2 LSB accuracy 
the magnitude of the possible error is 1/2(1/2" FSR)). 
Accuracy may be of the same, higher, or lower order 
of magnitude as the resolution. Possible error in 
individual bit weight may be cumulative with com- 
bination of bits and may change due to temperature 
variations. Usually, the accuracy of a DAC is ex- 
pressed in terms of nonlinearity, differential non- 
linearity, and zero and gain drift due to temperature 
variations. 


Nonlinearity (linearity error) — A measure of the 
deviation of the analog output level from an ideal 
straight line transfer curve drawn between Zero and 
full scale (commonly referred as endpoint linearity). 


Differential Nonlinearity — A measure of the devia- 
tion between the actual output level change from the 
idea! (1 LSB) output level change for a one bit 
change in input code. A differential nonlinearity 
of +1 LSB or less guarantees monotonicity; that is 
the output always increases for an increasing input. 


Gain Drift — A measure of the change in full scale 
analog output, with all bits 1’s, over the specified 
temperature range expressed in parts per million 
of full scale range per OC (PPM of FSR/°C). It is 
measured with respect to +25°C at high (TW) and 
low (Ti) temperature, and it is specified the larger 
of the two representing worst case drift. 


Offset Drift (Unipolar or Bipolar) — A measure of 
the change in analog output, with all bits 0’s, over the 
specified temperature range expressed in parts per 
million of full scale range per OC (PPM of FSR/°C). 
It is measured with respect to +25°C at high (TW) 
and low (Ti) temperature, and it is specified the 
larger of the two representing worst case drift. 
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Settling Time — The total time measured from a 
digital input change to the time the analog output 
reaches its new value within. a specified error band. 
Usually, the settling time is specified for a DAC to 
settle for a Full-Scale code change (00 .. . O to 
Wes Per tt 221 46°00. OF to within. 1172 
LSB of its final value. 


Compliance — Compliance voltage is the maximum 
output voltage range that can be tolerated and stil! 
maintain the specified accuracy. 


The effects of gain error, offset error, nonlinearity, 
and differential nonlinearity on the transfer functions 
are plotted, respectively, as shown in Figure 4, 5, 
6, & 7. A conversion chart which shows the number 
of bits and its resolution is given in Table 1. 
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Figure 4 — Gain Error 
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Figure 5 — Offset Error 
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Figure 7 — Differential Linearity Error 
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Table 1 — Conversion Chart 
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DIGITAL TO ANALOG CONVERTER 
HIGH SPEED ADC APPLICATIONS 


By Dick Ti Tung and Tom Westenburg 


Analog-To-Digital Converter 
(ADC) 


The uses of high speed DACs in CRT display, industrial 
process control, signal regeneration, etc., are well 
established. Perhaps one of the most important app- 
lications is to use the DAC in high speed ADC design. 
There are two types of ADC design where high speed 
and high resolution DACs are essential. 


TRACKING ADC OR SERVO TYPE ADC 


The tracking ADC is very efficient in monitoring one 
analog signal continuously, converting it into a se- 
quence of digital codes representing the analog signal 
in real time. 


Functionally, the analog input is compared with the 
output of a DAC, with the digital input of the DAC 
being driven by a counter. After the ADC is turned 
on, the counter increments until the DAC output 
crosses the analog input value. The counter will then, 
running up or down, drive the DAC 1 LSB at a time 
to track the input signal. The counter state repre- 
sents the digital equivalent of the input signal. 


In Figure 1, the analog input is fed into the span re- 
sistor of a DAC. The analog input voltage range is 
selectable in the same way as the output voltage range 
of the DAC. The net current flow through the ladder 
termination resistance, i.e.2kQ for HI-562A produces 


an error voltage at the DAC output. This error voltage mination resistance produces an error voltage at the S 
is compared with 1/2 LSB by a comparator. When DAC output. This error voltage is then compared pan 
the error voltage is within + 1/2 LSB range, the OQ with a fixed reference by a comparator to determine 96 
output of the comparators are both low, which stops whether the analog input is greater or less than the a = 
the counter and gives a data ready signal to indicate present state of the DAC. The result of the compari-- < 


that the digital output is correct. If the error exceeds 
the +1/2 LSB range, the counter is enabled and driven 
in an up or down direction depending on the polarity 
of the error voltage. 


Since the digital output changes state only when there 
is a significant change in the analog input, the data 
ready signal is then very useful in adaptive systems or 
computer systems for efficient data transfer. When 
monitoring a slowly varying input, it is necessary to 
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read the digital output only after a change has taken 
place. The data ready signal could be used to trigger 
a flip-flop to indicate the condition and reset it 
after read-out. 


The main disadvantage of the tracking ADC is that the 
time required to initially acquire a signal, for a 12 
bit ADC, could be up to 4096 clock periods. The 
input signal usually must be filtered so that its rate 
of change does not exceed the tracking range of the 
ADC (1 LSB per clock period). 


SUCCESSIVE-APPROXIMATION ADC 


Perhaps the most widely used technique for a high 
speed analog-to-digital converter design is the success- 
ive approximation method. Ideal for interfacing with 
computers, this type is capable of both high speed 
and high resolution, and the conversion time is fixed 
and independent of the magnitude of the input 
voltage. 


Figure 2 shows a block diagram of a successive- 
approximation ADC. When a negative going start 
conversion pulse is applied to the ADC, the internal 
registers of the successive approximation register 
(SAR) are set to low except for the MSB, which is set 
to high. This turns on the MSB of the DAC. The 
FS output current of the DAC is compared with the 
current fed through the span resistor by the analog 
input. The net current flow through the ladder ter- 


son is clocked into the SAR at the rising edge of the 
clock. The MSB of the SAR will be set to high if the 
analog input is greater; otherwise, it will be set to low. 
At the same time, the second bit of the SAR is set 
to high with the remaining bits at their previous states. 
During the second clock period, the sum of the result 
of the first choice and the weight of the second bit is 
compared with the analog input. The second bit is 
set to high or low in the same manner as the MSB, 
and so on, until the LSB is updated. 


During this conversion time, the output of a status 
flip-flop is set to high, indicating that a conversion is 
taking place. It will return to low at the end of con- 
version to signify that the output state of the SAR 
represents the digital equivalent of the input analog 
voltage. 


It is easy to see that in any successive-approximation 
ADC application, the analog input should remain 
reasonably constant during the conversion to avoid 
erroneous results. This is usually accomplished by 
using a sample-and-hold circuit in the analog line. 


However with the new digital error correction cir- 
cuitry incorporated in the HI-774A the input can 
vary. During the first portion of the conversion the 
input can move up to +0.78%/-0.76% of FSR and re- 
main 12-bits accurate. This error correction window 
allows the user to start a conversion before the input 
has completely settled. 


Data Acquisition System 


The typical data acquisition system is depicted in 
Figure 3. The HI-506 multiplexer is used as an 
analog input selector. Which is controlled by a 
binary counter to address the appropriate channel. 
The HA-5330 is a high speed sample and hold. 
Sample Hold Control is tied to the status (STS) 
output of the HI-774A, so that whenever a con- 
version is in process the S/H is in the hold mode. 
A conversion is initiated by the clock input go- 
ing low, and when the clock goes high the mux ad- 
dress changes. The mux will be acquiring the next 
channel while the ADC is converting the present 
input, held by the S/H. The clock low time should 
be between 225ns and 6.5us, with the period greater 
than 8.5us. With this timing R/C will be high at the 
end of a conversion so the output data will be valid 
~ 100ns before STS goes low. This allows STS to 
clock the data into the storage register. The register 
address will be offset by one, if this is a problem 
then a 4-bit latch can be added to the input of the 
storage register. With a 100KHz clock rate each 
channel will be read every 160s. 


This 16-channel data acquisition system is applicable 
to industrial process control, and multi-channel panel 
display. It can also interface with an intelligent term- 
inal, such as a micro-computer system, to provide 
multi-channel data conversion function. The offset 
error and gain error of the data acquisition system 
over the operating temperature range can be easily 
compensated by proper programming. 


By the same token, a 15-channel data acquisition 
system with offset correction could be easily incorp- 
orated as shown in Figure 4. Consider the case that 
one of the analog input channels is dedicated to sense 
the ground level, and its binary equivalent is stored in 
latch register B in its complementary form to establish 
a ground reference in real time. All the other analog 
input channels will then be converted and stored in 
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register A, one at a time. The binary adder will per- 
form the binary subtraction in less than 1 us for the 
given pair of A and B. This, in fact, eliminates the 
offset error of the ADC, offset error of the S/H circuit, 
and excess droop of the S/H due to temperature 
variation. 


This circuit is easy to implement and _ is especially 
useful when an intelligent terminal is not available. 
To expand this concept one step further, the gain 
error of the system due to temperature variations 
could also be eliminated if a binary multiplier is 
used to correct the gain facter in real time. 
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Figure 1. Tracking ADC 
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Figure 4. 15 Channel Data Acquisition System with Offset Correction 
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AP ge FOR YOUR INFORMATION 
NOTE 


No. 525 


HA-5190/5195 FAST SETTLING 
OPERATIONAL AMPLIFIER 


By G. Cotreau, D. Jones, R. Whitehead 


Introduction 


The military temperature range HA-5190 and its 
commercial temperature equivalent, HA-5195, are 


R8 R 
monolithic operational amplifiers featuring +200V/us tt june! ae ee | onae 
slew rate, 150MHz gain-bandwidth-product, and 70ns @rro | $4 : ‘¢ 
settling time. Similar performance has previously agehs 2 gee : ; BS gay 
been available only in more costly modular and hybrid ec +N -IN R32 
amplifiers, which require much higher bandwidth and ager. [ay = ie Oe .Your 
slew rate to achieve the same settling time as HA- coke ae B= io 
5190/5195. Since it exhibits a classical -6dB/octave 
rolloff over most of its frequency range, remark- ise 
ably smooth output wave forms are generated by HA- | jie ee 
5190 when reasonable care is employed. = 

QP 16 
aie QN 10} QN45) O 
Applications for this op amp include pulse, RF, and 
video amplifiers, wave form generators, high speed 
data acquisition and instrumentation circuits. 


Seth 


Inside the HA-5190/5195 Figure 1. HA-5190/5195 Schematic. 


Figure 1 shows the schematic of the HA-5190/5195 
design. The schematic can be simplified to show the 
AC signal path as shown in Figure 2. 


The input stage consists of two symmetrical diff- 
erential transistor pairs. The signal path for positive 
going signals is Q1, Q2, and Q3, while negative going 
signals pass through Q4, Qs, and Og. The signal then 
goes through the output stage (represented by the 
voltage follower symbol) consisting of one PNP and 
two NPN emitter followers. 


In Figure 2, the compensation network is C1, C2, C3, 
and R29. This network makes the amplifier system 
appear as second-order critically damped. The scheme 
produces the dominant pole plus two zeros. The zeros 
are positioned to cancel the effects of undesired poles 
developed by the Ft of the transistors. 


Figure 2. Simplified HA-5190 Schematic. 
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Considerations For Prototyping 


When using the HA-5190, high frequency layout 

techniques. are recommened for bread-boarding. The 

device should be mounted through a ground plan and 

all No Connect (NC) Pins should be tied to this plane 

for pin isolation. If an IC socket is to be used, Teflon 

types are recommended. Feedback components should 
be mounted between Teflon insulated standoffs 

located as close as possible to the device pins. 


The input impedance characteristic of the HA-5190 
is such that the closed loop performance (DC and AC) 
will depend on both the feedback component ratio 
and the actual impedance presented to each amplifier 
input. For best high frequency performance, resistor 
values for feedback networks should be limited to a 
maximum of 5K ohms (preferably less than 1K ohm). = 
Film type resistors are recommended. Power supply (b) Stabilization using ZN. 
decoupling with ceramic capacitors from the device 

supply pins to ground is essential. 


R4 1.5KQ 


It is recommended that optimum circuit values for a 
particular application be developed through experi- 
mentation using amplifiers from several production 
runs. The PC artwork in the vicinity of the HA- 
5190 should be prototyped early to determine any 
sensitivites to layout. 


(c) Gain = +1 


OPERATION AT ELEVATED TEMPERATURES 


HA-5190/5195 may be used without a heat sink up “A 2 
to +75°C, ambient. Above this temperature, the - 
power derating is 9.6mW/°C for the 14 Lead Ceramic 
DIP. THERMALLOY Model 6007 or AAVID Model 


5602B are recommended. For the 12 Lead To-8 Metal (d) Stabilization using Z|N. 
Can, derate at 11.5mW/°C and recommended heat 
sinks are THERMALLOY Model’s 2240A or 2268B. 


FREQUENCY COMPENSATION 


HA-5190/5195 is stable in standard DC amplifier 
configurations with closed loop gains exceeding +5 or 
-4, At these or higher gains, optimum AC performance 
can be achieved by keeping network resistor values as 
low as is practical. 


Quite simple circuitry, as illustrated in Figure 3, gives 


excellent performance for lower closed loop gains. z 
The compensation schemes use the amplifier’s differ- ip Sena Pt = vn 
ential input impedance to reduce both the input and pa O5 
feedback signals thereby raising the effective noise ; az 
gain approximately 14dB to a stable point on the — a, 


frequency response curve. 


Inverting and non-inverting unity gain connections for 

HA-5190 are shown in Figure 3 (a) and (c). R3 and R3 
R5 serve only to balance DC voltage offsets due to ane 
input bias current, and may be replaced with a short “ 
for AC applications. Cis not neccessary for stability, 
but helps reduce overshoot and smooth the frequency 
response. Settling time or frequency response can be 


(f) Integrator 


optimized (about 30MHz small signal bandwidth is Figure 3. Compensation 1+ R2 es 
practical) by fine tuning component values. recommended when R4 ; 
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For closed loop gains between 1 and 5, reducing Rq 
in Figure 3 (a) and (e) will raise the gain with mini- 
mum effect on bandwidth. However, in the inverting 
configuration, R1 determines the input impedance, 
and it may be more practical to raise R2 at the ex- 
pense of bandwidth. In Figure 3 (e), Ra and Rs may 
be reduced as gain is increased and removed entirely 
at gains greater than +4. 


For applications requiring 100% feedback at high 
frequencies, such as integrators and low pass filters, 
HA-5190/5195’s compensation scheme should be 
thoroughly evaluated through experimentation. The 
circuit in Figure 3 (f) is quite stable, using the two 1K 
ohm resistors. 


Suggested Methods For 
Performance Enhancement 


To avoid compromising AC performance, the HA- 
5190 design does not include provisions for internal 
offset adjustment. 


The circuits in Figure 4 (a) and (b) show two possible 
schemes for offset voltage adjustment. 


Figure 5 (a) and (b) uses the inherent qualities of the 
FET to reduce input bias currents by several orders of 
magnitude and raise input impedance to thousands of 
megohms. Both circuits are shown in the unity gain 
follower mode. Circuit gain can be implemented using 
normal feedback techniques. To optimize for speed, 
care should be taken in layout. Experimental results 
yielded slew rates of approximately 130V/wUs. 


Figure 5 (c) illustrates a composite inverting amplifier 
which greatly reduces DC errors due to the HA-5190 
input bias current and gain, while retaining superior 
settling time. The 0 dB frequency of the integrator 
section approximates the open loop low frequency 
pole (~2.5kHz) of the HA-5190. This circuit might 
also be connected as a current-to-voltage amplifier 
for use with a high accuracy, high speed DAC. 


Figure 6 shows a composite amplifier scheme for 
boosting output current drive of the HA-5190/5195. 
The circuit gain (shown Ay = 5) can be adjusted 
using normal feedback systems. HA-5190 used in 
conjunction with HA-5033 can drive 50 ohm coaxial 
cable, with proper termination to 250MHz. 


Applications 


INTRODUCTION 


HA-5190/5195 represents an ideal building block for 
high speed, precision data acquisition systems and for 
video pulse amplification. Although this amplifier can 
be used in a wide variety of other applications, the 
ones to be discussed show where it can be used most 
advantageously. 


OUTPUT 


RANGE OF ADJUSTMENT FOR BOTH NON-INVERTING (LEFT) AND INVERTING 
AMPLIFIERS (RIGHT) DETERMINED BY PRODUCT OF VsupPLy AND R3/Rq4 RATIO. 


R41 
R2+R3 


Ayv=1+ 


Figure 4. Offset Nulling. 


(a) * VALUES SHOULD BE DETERMINED 
EXPERIMENTALLY FOR OPTIMIZED 
PERFORMANCE. 


v- 
(b) Ry AND R2~15K* 
INPUT FETS ARE MATCHED PAIR 2N5564 


100pF 
(c) + Ha-2600/ 
2605 


Figure 5. Reducing Input Bias Currents. 


Figure 6. Boosting Output Current. 


Application 1 Fast DAC Output Buffer 


The circuit at right illustrates the HA-5190’s useful- 
ness as a high speed DAC buffer. 


The amplifier operates as a current-to-voltage con- 
verter/output buffer to the HI-5610 which is a pre- 
cision 10 bit DAC with output current settling time 
less than 100ns. The voltage divider on the non- 
inverting input serves to null any DC errors introduced 
into the system. The amplifier maximizes speed of the 
system since its dynamic performance exceeds that 
of the DAC. 


Application 2 High Speed Sample/Hold 


Sample/Hold circuits are used in many areas of data 
acquisition systems such as de-glitchers for D/A con- 
verters and input stages for successive approximation 
A/D converters. 


The circuit at right uses the speed and drive cap- 
ability of the HA-5190 coupled with two high speed 
DMOS FET switches. 


The input amplifier is allowed to operate at a gain of 
-5 although the overall circuit gain is unity. Acquisi- 
tion times of less than 100ns to 0.1% of a 1 volt input 
step are possible. Drift current can be appreciably 
reduced by using FET input buffers on the output 
stage of the Sample/Hold. 


Application 3 Video Pulse Amplifier/75 ohm 
Coaxial Driver 


HA-5190/5195 is also well suited for video pulse app- 
lications. The circuit at right could be found in var- 
ious types of video broadcasting equipment where 75 
ohm systems are commonly employed. 


HA-5190 can drive the 75 ohm coaxial cable with 
signals up to 2.5 volts peak-to-peak without the need 
for current boosting. In this circuit the overall gain 
of the circuit is approximately unity because of the 
impedance matching network. 


Application 4 Output Limiter 


HA-5190 is rated for + 5 volt output swing, and sat- 
urates at +7 volts. As with most op amps, recovery 
from output saturation is slow compared to the amp- 
lifier‘s normal response time; so some form of limiting, 
either of the input signal or in the feedback path, is 
desirable if saturation might occur. The circuit 
above illustrates a feedback limiter, where gain is re- 
duced if the output exceeds + (Vz + 2Vf). A 5 volt 
zener with a sharp knee characteristic is recommended. 
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Harris Analog 


VIDEO APPLICATIONS 
HA-5190/5195 


Introduction 


Offering superior performance in video and RF cir- 
cuits, the HA-5190/5195 family can be used effec- 
tively in the design of television broadcast studio 
equipment, test instruments, and monitoring or 
surveillance TV systems. A very high 200V/wus slew 
rate, a full power bandwidth of 6.5MHz, and a fast 
settling time of only 7Ons (typ) are but three of the 
unique characteristics which make these devices 
ideal for critical wideband video and RF applications. 
Other features include true differential operation, 
excellent stability with gains >5, and complete free- 


By L. E. Garner 


VIDEO RESPONSE TESTS 


Referring to Figure 1, the test video amplifier com- 
prised an HA5190/5195 op amp, BNC coaxial input 
jack J1, input level control R1 shunted by impedance 
matching resistor R2, input series stabilization 
resistor R3, gain control network R4-Rgain, series 
output limiting resistor Rs, and BNC coaxial output 
jack J2. Operational power was supplied by a 
well regulated and filtered dual line operated 
power supply. 


dom from latch up, the latter a result of the exclusive 
HARRIS dielectric isolation process combined with 
optimized chip design and layout. 


The op amp family can be used, typically, as studio 
tape head, test instrument, and video camera preamp- 
lifiers, as buffers, as broadcast relay link repeaters, 
as coaxial line drivers, and as cable or industrial 
system video repeater and bridging amplifiers. Ex- 
tremely versatile, the devices can be operated effec- 
tively in AGC and de gain controlled configurations 
as well as in fixed gain designs, and are fully capable 
of driving low impedance loads. 


When used in standard video amplifier configurations, 
the HA-5190/5195 devices easily meet or exceed the 
performance tolerance specifications of applicable 
current FCC (NTSC) composite TV signal standards 
as well as the requirements of EIA Tentative 
Standard RS-170A. 


TEKTRONIX 
146A (1480)OR 
147A VIDEO 
TEST 
GENERATORS 


TEST 
AMPLIFIER 
(FIGURE 1) 


TEKTRONIX 
520A 
VECTORSCOPE 


Video Performance 


HP1715A 
200MH3 AT 
OSCILLOSCOPE 


The overall color video performance of the HA 5190/ 
5195 family was confirmed by checking a number of 
standard devices. Tests were made to determine 
both video response and signal/noise ratio under 
typical operating conditions. The basic video ampli- 
fier circuit illustrated in Figure 1 was used for the 
tests, with the actual procedures abstracted from those 
described in ElA Standard RS-250-B. The general 
test setup is shown in Figure 2. 


Figure 2-Video Response Test Setup 
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Initially, standard NTSC and EIA ramp and timing 
test signals were applied using the Tektronix Models 
146A (1480) and 147A video test generators. Amp- 
lifier performance was observed and measured at 
various levels with a Tektronix 520A Vectorscope 
and HP Model 1715A 200 MHz delta time Oscilloscope 
Three of the RS-250-B specified test waveforms 
used are illustrated in Figure 3, including the (a) 
ramp linearity, (b) 12.5T and 2T sine-squared pulse 
and bar, and (c) multiburst signals. With the test 
signal level maintained at 1.0V p-p, level control 
R1 was adjusted as needed to establish a 1.0V p-p 
output signal (at J2) for each gain value. The Vec- 
torscope was used to measure color differential 
phase and gain, with the Oscilloscope used to check 
for distortion of the 2T, 12.5T, multiburst and color 
bar signals. The average test results are summarized 
in Table A. All measured values were well within 
applicable specifications. 


Table A - Summary of Test Results 
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Figure 3—Video Test Signal Waveforms 
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S/N RATIO 


Signal/noise (S/N) ratio measurements were made 
using the same basic amplifier configuration, but 
with Rgain fixed at 2512, +1%, and Rs at 20082 
+5%. The de power supply terminals were bypassed 
with a 100 w F tantalum capacitor. A Tektronix 
147A NTSC Test Signal Generator was used as a 
signal source, with output measurements made using 
a Rhode & Schwartz Video Noise Meter, as dia- 
grammed in Figure 4. The Tektronix 147A was 
set to deliver a flat field signal at 50 IRE units, with 
the R&S Video Noise Meter adjusted as follows: 
(a) 10kHz High pass, (b) Video Bandpass, (c) Sub- 
carrier Trap OFF, (d) Internal Sync, (e) Tilt & 
Sag Comp OFF. 


Under the specified conditions and with level control 
R1 adjusted to deliver a 1.0V p-p signal at J2, the 
measured p-p signal/RMS noise ratio averaged 68dB, 
or well over the minimum value required by 
applicable standards. 


TEKTRONIX 
147A NTSC TEST 


TEST Bi aia 
AMPLIFIER VIDEO NOISE 


SIGNAL (FIGURE 1) 
GENERATOR METER 


Figure 4—S/N Ratio Test Setup 


General Considerations 


Since the HA-5190/5195 devices do notrequire special 
treatment, optimum video performance can be 
achieved by observing standard high frequency design 
and wiring practices. However, the following sug- 
gestions, abstracted in part from HARRIS Application 
Note 525, should prove helpful when developing 
practical designs. 


POWER SUPPLY REQUIREMENTS 


A well-regulated, well-filtered dual dc power source 
is required for best operation, for the op amps 
draw moderate currents during normal operation. 
Although not essential in all applications, it is rec- 
ommended that the power supply lines be decoupled 
using 0.01 pe F ceramic capacitors to circuit ground, 
with the capacitors located as near to the amplifier 
terminals as possible to minimize lead inductances. 
For optimum performance and operation at specified 
parameters, the dc power supply should furnish 
not less than +10V dc, with higher source voltages 
(+15V, typically) preferred. 


TEMPERATURE CONSIDERATIONS 


The HA-5190/5195 devices can be used without heat 
sinks at ambient temperatures up to 75°9C. Under 
these conditions, the internally generated heat stabi- 
lizes device operation and ensures relative immunity 


APPLICATION 


NOTES 


to external temperature variations. At ambients above 
750°C, however, the 14 Lead Cerdip devices should be 
derated 9.6mW/°C, with a suitable heat sink, such as 
a THERMALLOY Model 6007, or AAVID Model 
5602B. To provide adequate heat dissipation. For the 
12 Lead To-8 Metal Can derate at 11.5mW/O°C and 
recommended heat sinks are THERMALLOY'’s 2240 
or 2268B. Application Note 556 also suggest safe 
operating area conditions. 


Under some conditions, the internally generated heat 
can affect other components. Therefore, avoid 
mounting temperature sensitive devices or components 
near or directly adjacent to the op amps. 


DESIGN HINTS 


Except for their exceptional performance specifica 
tions, the HA-5190/5195 devices are essentially 
standard op amps and may be treated as such by the 
video equipment or system designer. Thus, conven- 
tional design techniques may be used when develop- 
ing specific circuit configurations, as long as max- 
imum ratings are observed and adequate compen- 
sation is made for device operational characteristics. 
For example, the closed loop performance (dc and 
ac) at gains>5 depends on both the feedback compo- 
nent ratio and the actual impedance at each ampli- 
fier input. Since the devices offer a comparatively 
low input impedance, feedback network resistor 
values should be 5kQ or less (preferably, less than 
1k) for optimum high frequency performance. 


If the intended video application requires a high input 
impedance, a FETpreamp stage may be added ahead 
of the HA-5190/5195 op amp, as shown in Figure 5. 
Full details and an additional FET input circuit are 
provided in HARRIS Semiconductor Application 
Note 525. 


Where used, a FET preamp not only raises the effec- 
tive input impedance from (approximately) 10kQ 
to thousands of megohms, but also reduces the input 
bias current requirement by several orders of magni- 
tude. There is, of course, a trade-off in frequency 
response, with a FET input stage reducing the effec- 
tive overall slew rate from 200V/us to 130V/pus 
(typically). However, the full power bandwidth 
with a FET input’is more than adequate for all low 
to mid level video applications. 


* Approximate Values 


Figure 5— FET Input Circuit 
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Some video applications may require output currents 
which exceed the maximum capabilities of the 
HA-5190/5195 devices. In these cases, the 
HA-5190/5195 op amps can be teamed with high 
performance current boosters such as, for example, 
the HA-5033. A typical cascaded op amp/booster 
circuit is illustrated in Figure 6. Since the current 
booster, a unity gain device, has a typical slew rate 
and bandwidth (Slew Rate = 1300V/ us FPBW = 
65MHz) far grater than that of the op amp, the 
overall frequency performance of the composite 
amplifier is essentially that of the op amp alone. 


To compensate for manufacturing tolerances and 
ensure optimum performance, the fixed component 
values used in specific designs should be finalized 
empirically, using active devices from several pro- 
duction runs. 


ART NO.APP526 


Figure 6—Boosting Output Current 


PROTOTYPING TIPS 


In accordance with standard engineering practice, 
new circuit designs should be breadboarded to verify 
overall operation. Afterwards, a number of pre- 
production prototypes identical to the planned pro- 
duction design should be assembled and tested using 
active devices from several production runs. These 
prototype tests permit optimization of component 
values and determination of circuit sensitivities to 
layout and component positioning. Preliminary 
environmental tests, if required, also may be made 
using the prototypes. 


If IC sockets are used, Teflon types are preferred 
to minimize distributed capacitances. For the same 
reason, feedback components should be mounted 
between Teflon insulated standoffs located as close 
as practicable to the device pins or socket terminals. 
For maximum stability, film type resistors are rec- 
ommended for the feedback networks. 


Signal carrying leads should be kept short and direct, 
of course, to minimize both lead inductances and 
distributed capacitances. The devices should be 
mounted through a ground plane. If this is im- 
practicable, single point grounding should be used 
to avoid ground loops. 


Typical Applications 


The test circuit given in Figure 1 may be used as a 
general purpose video amplifier, although minor 
changes in component values may be needed to 
optimize operation for specific requirements. Ad- 
ditional practical circuits are illustrated in Figures 
7 and 8. 


RF AGC AMPLIFIER 


Designed and checked as a buffer for the head pre- 
amp of a studio video tape recorder, the circuit 
shown in Figure 7 functions as a wide band adjust- 
able AGC amplifier. With an effective bandwidth 
of approximately 10 MHz, it is capable of handling 
RF input signal frequencies from 3.2 to 10MHz at 
levels ranging from 40mV up to 3V p-p. 


AGC action is achieved by using opto coupler/isolator 
OCI as part of the gain control feedback loop. In 
operation, the positive peaks of the amplified output 
signal drive the OC! LED into a conducting state. 
Since the resistance of the OCI photosensitive 
element is inversely proportional to light intensity, 
the higher the signal level, the lower the feedback 
resistance to the op amp inverting input and hence 
the greater the negative feedback, thereby lowering 
stage gain. Any changes in gain occur smoothly 
because the inherent memory characteristic of the 
photoresistor acts to integrate the peak signal inputs. 
In practice, the stage gain is adjusted automatically 
to a point where the output signal positive peaks 
are approximately one diode drop above ground. 


GAIN SET control R5 applies a fixed dc bias to the 
op amp non-inverting input, thus establishing the 
steady-state zero input signal current through the 
OC! LED and determining the signal level at which 
AGC action begins. In experimental tests under 
large signal conditions (i.e., Ej = 3V p-p), a GAIN 
SET value of -0.26V provided unity gain, while a 
value of -1.55V yielded on Ay of 2.7 , with a flat 
response to 5.0MHz at both levels. Under small 
signal conditions (i.e., Eyyy = 40mV), gains from 8 
to 50 could be achieved as the GAIN SET value 
was adjusted from 0.65V to -80mV. At Ay = 8, 
the frequency response was flat to 5MHz, while at 
Ay = 80, the response was limited to that of the 
HA-5190/5195. 


The effective AGC range depends on a number of 
factors, including individual device characteristics, 
the nature of the RF drive signal, the initial setting 
for R5, et al. Theoretically, however, the AGC 
range can be as high as 4000:1 for a perfect op amp, 
for the OCI photoresistor can vary in value from 
1 Megohm with the LED dark to 2502 with the 
LED full on. 
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Figure 8— DC Gain Controlled Video Amplifier (Analog Multiplier) 
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Figure 7—RF AGC Amplifier 
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circuit illustrated in Figure 8 employs a cascaded 
op amp integrator and transistor buffer (Q1) to drive 
the amplifier gain control element. Except for a 
simple modification, the HA-5190/5195 stage is 
connected as a conventional non-inverting opera- 
tional amplifier, and includes input and output 
impedance matching resistors R1 and R4, respec- 
tively, series stabilization resistor R2, and power sup- 
ply bypass capacitors C1 and C2. The circuit differs 
from standard designs in that the gain control net- 
work includes a photoresistor, part of OCI. 


Referring to the schematic diagram, opto coupler/ 
isolator OCI contains two matched photoresistors, 
both activated by a common LED. The effective 
resistances offered by these devices is inversely pro- 
portional to the light emitted by the LED. The 
greater the current through the LED, then, the more 
intense its light emission, and the lower the effective 
values of the photoresistors. One photoresistor is 
part (with R3) of the HA-5190/5195 gain network, 
while the other forms a voltage-divider with R6 
to control the bias applied to the integrator non- 
inverting terminal. 


In operation, the dc voltage supplied by GAIN 
control R8 is applied to the integrator inverting 
input terminal through input resistor R7. Depending 
on the relative magnitude of the control voltage, 
the integrator output will either charge or discharge 
C3. This change in output, amplified by QO1, con- 
trols the current supplied to the OCI LED through 
series limiting resistor R5. This action continues 
until the voltage applied to the integrator non- 
inverting input by the R6-photoresistor voltage 
divider matches the control voltage applied by 
R8 to the inverting input. At the same time, of 
course, the ratio of the R3-photoresistor gain network 
is changing, adjusting the op amp stage gain. As 
the control (R8) voltage is readjusted, the OCI 
photo-resistances track these changes, automatically 
readjusting the op amp gain in accordances with the 
new control voltage setting. 


In experimental tests with typical devices, the amp- 
lifier gain could be varied from 12dB to 2dB as the dc 
control voltage was changed from 5.0 to 10.5Volts. 
Typical plots of stage gain (Av) versus control 
voltage (V) are shown in Figure 9. 


Since all temperature sensitive components are inside 
the integrator feedback loop, the circuit is quite stable 
with respect to changes in the ambient temperature. 


1+ = 12V 

€IN = 200 mV 

FREQ = DC to 5MHz 

PULSE @ 50% DUTY CYCLE 


CIRCUIT GAIN, dB 


GAIN ADJUST VOLTS 


Figure 9 - Plot Of AGC Circuit Gain Versus Control Voltage 
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ANALOG SWITCH APPLICATIONS IN A/D 
DATA CONVERSION SYSTEMS 


By Richard Whitehead 


Introduction 


A choice of three approaches is available when im- 
plementing a data conversion system: 1). ‘‘build- 
from-scratch’’, 2) buy sub-systems and configure 
a system, or 3) purchase a pre-engineered system 
which meets the requirements. Also, as a matter 
of economics, the users of sensor-based data acquisi- 
tion systems make it common practice to ensure 
a maximum number of elements are shared in the 
system. An invaluable tool used in this process is 
the analog switch or multiplexer. The purpose of 
this article is to focus attention on those parts of the 
system which require analog switches and to empha- 
size the importance of relative operating parameters. 


Basic System Configurations 


A/D data conversion systems can be categorized into 
two general groups: 1) low level signal conversion 
(analog signals below 1 volt) and 2) high level signal 
conversion (analog signals above 1 volt). Within 
these categories, four basic data conversion configur- 
ations are illustrated to point out the advantages 
of using analog switches. 


Conditioning the analog signals prior to multiplexing 


(Figure 1A) is the most popular system arrangement 2 
and is both efficient and capable of high perfor- errors inherent to CMOS analog switches are OFF Pe 
mance This configuration, which shares the level Chapin) leakage cabaabec and a settling nine value OF 
signals. Figure 1B represents a more austere approach dictated by the aves ON resistance and nee az 
resulting in lower cost and decreased performance. herent capacitance. Figure 2 shows the equivalent : 


This type is useful in less demanding applications 
such as processing high level signals. | To process 
multichannel, single event information such as 
wind tunnel or seismographic measurements the 
arrangement shown in Figure 1C is most likely to 
be used. This configuration represents a more ex- 
pensive, less efficient approach due to the decreased 
number of shared elements. Figure 1D shows the 
elimination of the analog multiplexer and sample 
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and hold circuits. By moving the multiplexing task 
to the digital domain, slower and lower cost A/D 
converters can be used. 


Types Of Analog Switches 


The most commonly used types of analog switches 
found in today’s data conversion systems are: reed 
relay, JFET, and CMOS. Reed relays offer low 
ON and high OFF resistance and are capable of 
handling very high voltages, but have slow speeds. 
JFET switches have lower OFF leakage current and 
are capable of very high speeds. CMOS switches, 
which are the most popular and widely used in mul- 
tiplexer applications, have low OFF leakage currents, 
good speed, and stable ON resistance under varying 
input signal conditions. 


Selecting The Proper CMOS 
Analog Switch 


The data conversion system error budget should be 


-used to narrow the field of CMOS analog switches 


suitable for the application. Primarily, the speed of 
the switch must be consistent with the systems’s 
sample rate requirements without introducing un- 
acceptable transfer error. Significant dynamic 


of a CMOS analog switch giving all of the inherent 
and distributed properties which may become the 
source of unwanted system errors. 


Other system restrictions may further narrow the 
field of candidates suitable to performing the switch- 
ing task. These restrictions could include, low power 


budget, hostile environment, cost, alternate sourc- — 


ing, and package density. It’s possible that all of 


these restrictions could occur, and this situation 
mat influence the user to seek a compromise solu- 
tion to his problem. 


Fortunately, CMOS analog switches consume very 
little power and only the most demanding power 
budget would feel the strain of their power require- 
ments. If the poerating environment of the device 
includes high voltage spikes, excessive noise pickup, 
and/or power supply interruptions, the selection 
should be narrowed to the internally protected 
analog multiplexers such as the HARRIS HI-506A/ 
507A or the HI-546/547. These multiplexers come 
with guaranteed overvoltage specifications which 
engance the reliability of the data conversion system. 
They also insure output signal integrity while an 
overvoltage condition occurs on an_ unselected 
channel. It should also be ensured that the CMOS 
analog switch selected does not exhibit any inherent 
latch-up tendencies. The Harris dielectrically isolated 
CMOS analog switches offer latch free operation. 


To some users the proper CMOS analog switch 
selection may become complicated leading to possible 
alternate solutions. An example of such a situation 
could be in high speed data conversion system where 
the settling time constraint placed on the multiplexer 
results in an unacceptable time penalty (Figure 3A). 
Figure 3B shows an alternate and practical solution 
to this problem. The two tiered multiplexing scheme 
may reduce the errors caused by leakage currents 
and settling time by an order of magnitude. Another 
practical solution would be to select an analog signal 
processor such as the HARRIS HY-9590/9591 
shown in Figures 4A and 4B. These devices facilitate 
user application and reduce engineering time thereby 
reducing overall cost. 


Other Uses For CMOS 
Analog Switches 


Attention has been focused on the selection of CMOS 
analog multiplexers used to increase efficiency of 
data conversion systems through shared elements. 
But the versatile CMOS switch is not limited to only 
that function. Obviously they can be used in sample 
and hold circuits, with important parameters being 
switching speed, OFF leakage current, and charge 
transfer. Analog switches such as the HARRIS 
H!-200/201 and HI-300 series may be used in sample 
and hold circuits and also in auto-zeroing circuits 
for integrating type data converters (Figure 5). 


Figure 6 shows the CMOS analog switch used to 
program the gain of an instrumentation amplifier. 
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Highlights 


In A/D data conversion systems analog switches 
are mainly used as multi-channel multiplexers 
to increase system efficiency through shared 
elements. 


CMOS analog switches are the most widely used 
in data conversion systems. 


When selecting the proper CMOS analog switch, 
look for low OFF leakage current, good settling 
time, latch free operation, and stable ON re- 
sistance under varying analog signal input condi- 
tions. 


If the environment is hostile, select from the inter- 
nally protected CMOS analog multiplexers. 


Where an alternate solution is required, attempt 
to ensure your solution is the most practical 
with respect to your error budget. 
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Figure 1C — Multiplexed. Sample / Hold Outputs 


HA-5147 HI-574 


SIGNAL 


CONDITIONING CONVERTER 


ANALOG 
INPUTS 


amxmr ear ce 


' 
| 
| HA-5134 HI-574 
| 


SIGNAL A/D 


CONDITIONING CONVERTER 


Figure 1D - Drgrtally Multiplexed A/D Outputs 


10-61 


Figure 2 — Equivalent CMOS ANALOG SWITCH 
DC Offset Error = Rps x Ip 
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Figure 3A — Cascaded Multiplexers: Output Leakage 
Currents and Output Capacitance Increase Errors 
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COMMON QUESTIONS CONCERNING 
CMOS ANALOG SWITCHES 


By Carl Wolfe 


Introduction 


The following information is a direct result of a to turn it on. A P-channel FET requires a negative 


significant amount of time spent in response to 
questions from users of HARRIS analog switches. 
Among the variety of questions are a few which 
seem to be asked more frequently than others. 
Over the next few pages, these questions are dis- 
cussed with the hope that the answers will be help- 
ful to the users and potential users of HARRIS 
analog switches. Some questions are technical in 
nature while others are simply questions on inter- 
pretation of the HARRIS Analog Data Book. 


Power Supply Considerations 


The first two questions are similar questions and the 
explanation will apply to both: 


QUESTION#41: If the power supplies are off, 


will the switch be open? (Present 
a high impedance to the input 


signal) 


QUESTION #2: If the power supplies are off, can 
an input signal be applied? 


Both of these questions refer to an overvoltage con- 
dition when the supplies are off and an input signal 
is applied. A common misunderstanding is that 
the switch will be open and block the signal when 
actually the opposite occurs. 


What is meant by the power supplies being off ? Does 
it refer to the supplies being shorted to ground or 
does it imply they are open circuited? 


If the power supplies go to ground, the input signal 
will pass through the switch and appear at the output. 
The explanation for this can be seen in Figure 1, 
which is a simplified CMOS switch cell. This switch 
cell consists of two enhancement type field effect 
transistors, one N-channel and one P-channel. 
An enhancement type of device is a FET which is 
normally off without some potential (gate voltage) 


potential (gate to source voltage) to turn it on and 
an N-channel FET requires a positive potential (gate 
to source). Contained in the physical structure of 
the FETS are parasitic transitors which are shown in 
Figure 1 as diodes from the source and drain to the 
body potentials of the devices. These diodes or 
parasitic junctions are normally reversed biased. 
If those junctions are forward biased, a fault con- 
dition exists where the signal is passed through the 
parasitic transitor. This is what occurs if the power 
supplies go to ground. Depending on the polarity 
of the input signal, either the N or P channel FET 
parasitics will be forward biased and the signal 
passed through the switch. 


Figure 1. Basic CMOS Transmission Gate 


Having the signal pass through the switch may be ac- 
ceptable in some applications, but most likely it is 
not. An example would be user who was switching 
various voltages (transducers) as shown in Figure 2. 
If the supplies go to ground and these signals pass 
through the switch, the input voltage sources could 
easily be shorted. 


APPLICATION 


NOTES 


VOUT 


-V 
Figure 2. Switching Multiple Inputs 


Another situation occurs if the power supplies are 
open circuited where the most positive and negative 
input signals will provide power to the switch. In 
this case, the signals being used for power will be 
passed to the output, but the remaining switches 
with inputs less than those used for supply will 
operate properly. 


Input Overvoltage Protection 


There is a possibilty the switch will be damaged if 
exposed to excessive current levels during an over- 
voltage condition. A second overvoltage condition 
is the case where the input signals exceed the existing 
power supply levels. Neither of these situations 
are recommended and the following questions are 
similar to those frequently asked. 

QUESTION##3: Can an input greater than the 
supplies be applied? 
QUESTION#4: In my application, there is a pos- 
sibility that the switch will lose 
power and the input signal will 
still be applied. Is there a way 
to protect the switch if this 
situation occurs? 


Referring to Figure 1 once again, if the input signal 
exceeds the supply by an amount greater than the 
breakdown voltage of the parasitic junction, the 
normally reversed biased junction will come forward 
biased. These forward biased junctions will pass 
the input signals to the output and possibly short 
out the input voltage sources. 


The most common form of protection circuit for 
these. types of overvoltage conditions is the resistor- 
diode network at the input of the switch as shown in 
Figure 3. 


This circuit protects the device if the supplies go to 
ground or if the input exceeds the supply. If either 
of these situations occur the diodes will be forward 
biased and current path to ground will exist. This 
will protect the switch from excessive current levels. 
The primary purpose of the resistor is to limit the 
current through the diode. 
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Figure 3. Protection for Each Analog Input 


Another advantage of using diode protection is that 
it prevents the input signal from passing to the 
output. This is a result of the input being clamped 
to the breakdown voltage of the protection diodes. 
If this breakdown voltage is less than the threshold 
voltage (turn on voltage) of the parasitic diodes, 
the parasitic transistor will remain reverse biased and 
the signal will not pass through the switch. 


There are some disadvantages to the user with this 
type of protection. One would be the economics 
involved with using external protection for each 
analog input. This could present a cost problem 
if a large number of channels were involved. An- 
other concern would be the current limiting resistors 
which adds to the on resistance of the switch con- 
tributing to the overall system error. A further 
possible source of error is current leakage in the 
diodes, It is recommended that low leakage diodes, 
such as schottkey diodes be used. 


The protection circuit just discussed is not used to 
Protect the switch from latch up. The HARRIS 
switches are constructed using the dielectric isolation 
process and the four layer SCR found in JI tech- 
nology does not exist. This circuit is intended to 
protect the device from high current levels which 
result from the forward biasing of the parasitic tran- 
sistors which are inherent in all FET structures. 


If for some reason the resistor-diode protection 
circuit Cannot be used there are other possibilities. 
The following method may help to avoid the extra 
cost of protecting each input. In this method, 
since the supplies are open circuited, the most pos- 
itive and most negative signal will power-up the chip 
and any input with signals less than those being 
used for power will operate properly. However, 
this method can only be used if the Outputs are 
not common and a user can afford to have at least 
two signals pass to the output. 


+18V 


-V 


Figure 4, Powering the Switch With the Input Signals 


Another alternative does not involve protection cir- 
cuitry, but instead takes advantage of CMOS technol- 
ogy. An example would be a user who has t15V 
supplies and needs to switch a +18V signal as shown 
in Figure 5. This appears to be an overvoltage con- 
dition since the input exceeds the supply. But rather 
than protect the device, the user can shift the supplies 
to +20V, -10V. Now the input signal is within the 
supply level and the switch should work properly. 
In certain applications the supply voltages can be ad- 
justed in order to pass a larger range of input signals. 


+15V +20V 
> HBV 
-15V -10V 


Figure 5. Varying the Supplies to Meet the Vin < 
V Supply Requirements 


Single Supply Operation 


Single supply operation is a topic which is discussed 
frequently and the following are examples of typical 
questions. 


QUESTION #£5: Can the switch be operated at a 


single power supply? 
QUESTION #46: What is the minimum power 
supply possible? 


Usually engineers with critical power requirements 
request single supply operation. An example would 
be battery operated applications such as portable 
equipment. In these cases the designer is limited 
to single supply, low supply or both. 
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Trade-offs exist with single supply operation that 
should be pointed out to the user. An example is 
the H!I-300 series of switches which has the capabil- 
ity of operating with a single +5 volt supply. The 
performance of the switch will vary, however, as 
the supply voltage varies. So, for the HI-300 series, 
as supply voltage decreases, the on resistance and the 
switching times increase. A 300 series switch with 
a single +5 volt supply will have higher on resistance 
and slower switching speeds than the same device 
at +15 volts or even a single +15 volt supply. This 
represents a change in both DC and AC performance. 
Even though the switch may now meet the users 
power requirements at single supply, the question is 
whether it will still meet the performance require- 
ments. 


The explanation for these variations can be found in 
the FET devices composing the switch cell itself. 
The variation in on resistance is due to the fact that 
the channel impedance of FET is dependent on the 
gate - source bias. Since the gate voltage is deter- 
mined by the supply voltage, it can be concluded 
that the on resistance is a function of the supply 
voltage. 


The fact that the on resistance varies with supply 
voltage directly relates to the slower switching times, 
since the higher on resistance will reduce the available 
current needed to charge the internal capacitance of 
the switch. Lower changing current relates directly 
to slower switching times. 


Questions About Harris Switches 


Many of the questions asked about switches could 
apply to any CMOS switch manufacturer’s products. 
But some questions are unique to both the Harris 
product line and data catalog. The following are 
examples of some of the more common questions 
concerning the Harris Analog Data Catalog. 


QUESTION #7: What is the difference between 
the VL and VR pins on the 


HI-5043. and VREF pins on the HI-201? 


The device pins mentioned above have their own 
individual functions even though they are all associ- 
ated wth the logic reference circuits of their respec- 
tive designs. For the HI-201, the VREF pin is 
the terminal which establishes the logic threshold 
levels for which the switch will change state. Al- 
though it is normally left open when driving from 
+5V logic (DTL or TTL), it can be connected to a 
higher supply in order to raise the switching threshold 
levels when driving from CMOS Logic greater 
than 5 volts. The VREF pin enables the user to 
change from TTL to CMOS Logic. 


The reference circuit of the HI-50XX = series 
of switches is different from the HI-201, which 
accounts for the VR and VL pins. Even though the 
VR terminal is brought out on the package, it is 
recommended that this pin be grounded. This 


terminal establishes the ground for the internal ref- 
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erence circuit. The VL pin performs a similar func- 
tion to the VREF pin on the HI-201. It is normally 
connected to 5 volts for TTL logic but can be tied to 
a higher supply for CMOS levels. This effectively 
raises the switching thresholds to accomodate the 
higher CMOS level. 


The next question is easily the most frequently asked 
question about HARRIS HI-50XX series of switches. 


QUESTION #8: Are the switch functions shown 
on the data sheet a result of the 
logic address being HIGH or LOW ? 


Actually, the answer to the question is printed at the 
top of the data sheet page ,depicting switch functions 
“switch states are for a logic 1 input”. Therefore, 
the address is in the HIGH state for the switch 
functions shown on that page. 


Some other areas which are often questioned on the 
data sheets are the maximum ratings and performance 
between channels of the switches. The following 
questions are typical: 


QUESTION#9: Will the switch operate at the 
absolute maximum ratings? 


The topic of absolute maximum ratings does 
create some confusion. Basically, the contents 
of the Electrical characteristic table are the guaran- 
teed parameters. The switch may operate with con- 
ditions other than those recommended, but are not 
guaranteed parameters. Anything above absolute 
maximum ratings may permanently damage the 
device. 


Problems sometime arise when a customer tests 
some parts at conditions other than those which 
are guaranteed. If the parts work, the user may 
go ahead and design around these conditions. But 
there is a good possibility the next batch of switches 
may not perform in the same manner. The user must 
be aware that anything outside the guaranteed 
limits is a user’s risk and susceptable to variations 
in manufacturing. 


QUESTION #410: What is the variation in “on” re- 
sistance between channels on the 
switch? 


There are two causes for these variation. One cause 
is process variation which is due to variables in manu- 
facturing. This can create variation between chan- 
nels on the same unit. The second reason is lot 
variation which can cause differences in performance 
from unit to unit. After all variations are taken 
into account, a good “rule of thumb” is 10% toler- 
ance on typical parameter values. So if a device has 
a typical on resistance of 5022 , a user could expect 
a +502 variation. 
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Introduction 


The introduction of the HI-300 series of CMOS 
analog switches is the latest addition to the HARRIS 
switch family and gives the designer a viable second 
source to the Siliconix DG 300 series analog switch. 


This family of monolithic, dielectrically isolated, 
CMOS analog switches consists of twelve products, 
the HI-300 thru HI-307 and the HI-381 thru HI-390 
are designed for TTL level compatibility (logic 
"0" = .8V, logic “1” = 4.0V). The HI-304 thru 
HI-307 are CMOS compatible (logic ‘’0;’ = 3.5V, 
logic ‘1’ =11V). 


The HI-300 series features low and nearly constant 
on resistance over analog signal range, low leakage 
and minimal power dissipation. 


Improved Performance 


An understanding of what a designer would consider 
important in an analog switch is useful in order 
to illustrate the advantage of the HI-300 series. 
Although any parameter could be considered impor- 
tant for a particular application, there are certain 
parameters considered to be most critical for the 
majority of applications. These parameters are: 


“on” Resistance (Ron) 

leakage current (ISOFF, IDOFF. IDON) 
switching speed (ton, toff) 

power supply current (I+, I-) 


These parameters are important because the majority 
of designs require either high accuracy, speed, or low 
power dissipation. 


ON RESISTANCE 


In high accuracy systems, such as data acquisition 
systems, the designer would be concerned with mini- 
mizing errors caused by “‘on”’ resistance and leakage 
currents. An inverting programmable gain.amplifier 
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shown in Figure 1 will help illustrate the need for 
low on resistance and leakage current in high ac- 
curacy systems. 


+15V 
G 


Figure 1 — Inverting Programmable Gain Amplifier 


Ideally, the voltage gain of this inverting amplifier 
would be, Ay= -(RF/R{). But when using a switch 
to program the gain, its characteristics must be taken 
into account and the amplifier gain equation must 
be modified to Ay = - (RF +RON/R}). The higher 
the on resistance of the switch, the greater the gain 
error. Variations in the on resistance of the switch 
will also effect the gain error. 


LEAKAGE CURRENT 


Another source of error occurs in the switch “off” 
state, where leakage current causes offset voltage 
errors. In Figure 1, leakage current flowing through 
the feedback resistor creates an output voltage 
error equivalent to the expression, Vo= RF X IDOFF. 


SWITCHING SPEED 


A designer concerned with switching times would 
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obviously be sensitive to the ton and toff specifica- 
tions. A low value of ‘‘on” resistance is also im- 
portant, since this resistance increases the RC time 
constants and can slow the circuits overall perfor- 
mance. 


POWER SUPPLY REQUIREMENTS 
cence inne Selass 


The last critical parameter would be power consump- 
tion. There are certain applications where power 
supply currents are the primary concern of the 
designer. Examples would be portable or battery 
operated equipment. 


The majority of switch applications require critical 
performance in one or more of the areas just dis- 
cussed. The HI-300 series offers improved perfor- 
mance in each of these areas. The following tables 
compare the HI-300 series with existing HARRIS 
switches. Table 1 contains maximum specifica- 
tions for T = 125°C and Table 2 consists of typical 
values at T = 250C, 


+125°0C Maximum Specifications 


SWITCH 
TYPE RON | | LEAKAGE] 1ISUPPLY | ton torr 


H1-200 1252 500nA 2mA 500ns 500ns 
H|-5040 75Q 500nA 3mA 1000ns 500ns 
H1-300 75622 100nA .1mA 300ns 250ns 


Table 1 — Switch Comparisons at T=1250C 


+250C Typical Specifications 


SWITCH 

TYPE | RON | | LEAKAGE] 1SUPPLY| ton torr 
H1-200 552 nA mA |240ns 330ns 
H1-5040 2522 8nA 3mA 1370ns 280ns 
H!-300 302 nA .23MA |210ns = 16 Ons 


Table 2 — Switch Comparisons at T=250C 


From these tables it should be clear that the HI-300 
series offers improved performance to the designer. 


Inside The HI-300 


Figure 2 shows the schematic of the digital input and 
driver stages of the HI-300. The purpose of this 
Stage is to take the logic level signals and condition 
them to drive the gates of the FET switch cells. 


The HI-300 series has a digital input protection cir- 
cuit consisting of a 2009 series resistor and clamping 
diodes, D1 and D2, to the supplies. 


These diodes will quickly discharge any static charge 
which might appear at the digital inputs. 


The F. E. T. Devices N1 thru N5 and P1 thru P5 form 
the input buffer and level shifter which establishes 
the proper voltages to drive the switch cell. N6,N7, 
P6,and P7 form the output buffers which isolate 
the level shifter from the capacitive load of the switch 
cell. 
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SWITCH CELL 


Figure 3 — Schematic 


The switch cell shown in Figure 3 is based on the 
FET devices N1 and P1. The remaining devices, N2 
thru P5 serve various functions, such as reducing 
leakage current, minimizing on resistance variations 


and minimizing charge injection. 


Additional Performance 
Characteristics 


(A) SINGLE SUPPLY OPERATION 


The HI-300 series has the capability of single supply 
operation. These switches can operate to a minimum 
supply of +5 volts, although designers must be aware 
of the trade off which exists at these levels. The 
trade off is the performance of the switch will vary 
as the supply level varies. Examples of these per- 
formance variations are increased on resistance and 
slower switching times. So, a HI-300 series switch 
with a single five volt supply will have higher on 
resistance and slower switching speeds then the same 
device at £15 volts or even a single +15 volt supply. 


The explanation for these variations can be found in 
the F.E.T. devices composing the switch cell itself. 
The variation in on resistance is due to the fact that 
the channel impedance of the FET is dependent on 
the gate-source bias. Since the gate voltage is deter- 
mined by the supply voltage, it can be concluded that 
the on resistance is a function of the supply voltage. 


The fact that the on resistance varies with supply 
voltage directly relates to the slower switching times. 
The higher resistance reduces the available current 


needed to charge the internal capacitances of the 
switch. Lower charging current directly relates 
to the slower switching times. 


The explanations, just given, along with the following 
typical curves of the HI-300 single supply operation, 
should aid the designer in applying the HI-300 
series in single supply applications. 
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B) CHARGE INJECTION 


The charge injection of a switch is a critical parameter 
for certain applications, such as small signal switching 
or sample and hold circuits. 


For the case of small signal switching, unwanted 
switching spikes result from this transferred charge 
causing system errors. These spikes are created 
when the transitions of the gate voltage are ca- 
pacitively coupled to the output through the gate to 
source and gate to drain capacitances, as shown in 
Figure 4. The magnitude of these switching spikes 
will depend on the values of the load and source 
impedances, the value of the gate voltage and the 
size of the internal capacitances of the switch. 


For the sample and hold circuit, shown in Figure 5, 
a common problem is sample to hold offset error. 
It is caused by the same mechanisms discussed 
for the small signal application, but in this case the 
charge is transferred to the hold capacitor and an 
offset voltage is created. The voltage is determined 
by the following relationship. V = Q/CH. 
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Figure 4 — Charge Transfer 
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Figure 5 — Sample and Hold 


Charge injection can create problems in the type of 
applications just described. A typical curve of the 
H1I-300 series charge injection performance is shown 
in Figure 6 as an aid to designing in these type of 
circuits. 
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CL= 10,000pf 
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Figure 6 — Charge Injection vs. Input Voltage 


Application Hints 


A. POWER SUPPLY CONSIDERATIONS 
a San a het ad eer th RN 


The HI-300 series analog inputs do not feature over- 
voltage protection. External protection circuitry 
would be necessary if the switches were subjected 
to possibly destructive situations. 


_An example could be an overvoltage condition where 

the power supplies to the. switch go down while an 
analog input signal is still present. A common 
misunderstanding is that the switch will be open 
and block the input signal, when actually the op- 
posite occurs. 


If the power supplies go to ground, the input signal 
will pass through the switch and appear at the output. 
The explanation for this can be seen in Figure 7, 
which is a simplified CMOS switch cell. This switch 
cell consists of two enhancement type field effect 
transistors, one N-channel and one P-channel. An 
enhancement type of device is a FET which is nor- 
mally off without some potential (gate voltage) to 
turn it on. A P-channel FET requires a negative 
potential (gate to source voltage) to turn it on an 
N-channel FET requires a positive potential (gate to 
source). Contained in the physical structure of the 
FETS are parasitic transistors which are shown in 
Figure 7 as diodes from the source and drain to the 
body potentials of the devices. These diodes or 
Parasitic junctions are normally reversed biased. If 
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those junctions are forward biased, a fault condition 
exists where the signal is passed through the parasitic 
transistor. This is what occurs if the power supplies 
go to ground. Depending on the polarity of the 
input signal, either the N or P channel FET parasitics 
will be forward biased and the signal passed through 
the switch. 


Figure 7 — Basic CMOS Transmission Gate 


Another situation occurs if the power supplies are 
open circuited, the most positive and negative input 
signals will provide power to the switch. — In this 
case, the signals being used for power will be passed 
to the output, but the remaining switches with 
input signals less than those used for supply will 
operate properly. 


A second overvoltage condition is the case where 
the input signals exceed the existing power supply 
levels. Referring to Figure 7, if the input signal ex- 
ceeds the supply by an amount greater than the 
breakdown voltage of the parasitic junction, the nor- 
mally reversed biased junction will become forward 
biased. These forward biased junctions will pass the 
input signals to the output and possibly short out 
the input voltage sources. 


The most common form of protection circuit for 
these types of overvoltage conditions is the resistor- 
diode network at the input of the switch as shown in 
Figure 8. This circuit protects the device if the sup— 
plies go to ground or if the input exceeds the supply. 
If either of these situations occur, the diodes will 
be forward biased and a current path to ground will 
exist. This protects the switch from excessive 
current levels. The primary purpose of the resistor 
is to limit the current through the diodes. 


V- 


Figure 8 — Protection for Each Analog Input 


Another advantage of using diode protection is that 
it prevents the signal from passing to the output. 
This is a result of the input being clamped to the 
breakdown voltage of the protection diodes. If 
this breakdown voltage is less than the threshold 
voltage (turn on voltage) of the parasitic diodes, 
the parasitic transistor will remain reversed biased 
and the signal will not pass through the switch. 


The protection network may introduce unwanted 
error into the circuit in the form of leakage current 
and increased on resistance. It is recommended that 
low leakage diodes be used, such as Schottkey diodes. 
If the switch is looking into a high impedance, such as 
the input operational amplifier, the error introduces 
by the increased on resistance will be negligible. 


The protection circuit just discussed is not used to 
prevent the switch from latch up. The H1-300 series 
switch is constructed using the HARRIS dielectric 
isolation process and the four layer SCR found in 
Jl technology does not exist. This circuit is in- 
tended to protect the device from high current levels 
which result from the forward biasing of the parasitic 
transistors which are inherent in all FETS. 
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An alternative to protection circuits takes advantage 
of CMOS technology. Assume an overvoltage con- 
dition exists where the input exceeds supply. Ra- 
ther than use external components to protect the 
device, it may be possible to shift the supplies in 
order to accomodate the input signal. An example 
would be an application with +15 volt supplies, 
but attempting to switch a +18 volt input signal. 
A possible solution would be to shift the supplies 
to V+ = +20V and V- = -10V and now the input 
signal is within the existing supplies. In some appli- 
cations the supply voltage can be adjusted in order 
to pass larger input signals. 
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DESIGN CONSIDERATIONS FOR 
A DATA ACQUISITION SYSTEM (DAS) 


By Tarlton Fleming 


Introduction 


This is a collection of guidelines for the design 
of a data acquisition system. Its purpose is to 
supplement the more methodical block-by-block 
discussions available in numerous other papers and 
application notes. Emphasis in this note is on the less 
easily quantifiable happenings ‘’between the blocks”, 
rather than a description of the block components 
and their error contributions. This latter information 
may be found in the Bibilography under ‘’General’’. 

A data acquisition system is defined to include 
all the components needed to generate the electrical 
analogs of various physical variables, transmit these 
signals to a central location and digitize the infor- 
mation for entry into a digital computer. Among 
these components are transducers, amplifiers, filters, 
multiplexers, sample/holds and analog-to-digital 
converters. The system also includes all signal paths 
tying these functions together. 

Several system architectures will be considered, 
followed by a general discussion aimed at the designer 
who must choose hardware for a given application. 
Topics include: 

e Data Acquisition System Architecture 

e Signal Conditioning 

e Transducers 

@ Single-Ended vs. Differential Signal Paths 
e Low-Level Signals 

e Filters 

e Programmable Gain Amplifier 

e Sampling Rate 

© Computer Interface 


Data Acquisition System 
Architecture 


At present the most widely used DAS con- 
figuration is that shown in Fig. 1. It handles a 
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moderate number of analog channels, feeding into a 
common multiplexer, programmable gain amplifier (if 
required), track/hold amplifier and A-D converter. 

A more specialized and expensive variation is to 
place a Track/Hold in each channel as shown in Fig. 2. 
Switching all channels to HOLD simultaneously 
Produces a “snapshot” view which preserves the 
phase relation of signals in all channels. This infor- 
mation is important in seismic studies and vibration 
analyses. 

The DAS system of Fig. 3 offers many advan- 
tages, but is not yet practical except for slowly 
changing channel data. Low frequency signals allow 
dedication of a slow but accurate integrating type A-D 
converter for each channel. The channel filters often 
included to reduce aliasing errors and noise are not 
necessary, since aliasing is not a problem with low 
bandwidth signals. The integrating converter Sup- 
presses wideband noise by averaging it about the in- 
Stantaneous signal level. Also, the converter’s in- 
tegration period may be chosen to provide almost 
complete rejection of a specific interference frequen- 
cy such as 60 Hz. Digital outputs from the converters 
are then digitally multiplexed. 


The system shown in Fig. 3 has an inherent aa- 
vantage over the other two systems, having 
eliminated both the track/hold and the analog 
multiplexer with their many error contributions. The 
disadvantage, of course, is cost. Fig. 3 would become 
the system of choice in many more applications, if a 
significant reduction should occur in the price of suc- 
cessive - approximation A-D converters. 

A small RAM may be added at the converter’s 
Output in any of these systems, to buffer the com- 
puter and offload its involvement with individual con- 
versions. Timing and control may be arranged to scan 
all channels repeatedly, and continuously update a 
RAM location for each channel. The computer is then 
free to look at a recent reading for any channel, at any 
time. 

Further discussion will center on Fig. 1, both in 
the single-ended version shown, and in the differen- 
tial version. 


ANALOG- 


DIGITAL 
MULTIPLEXER VREF CONVERTER 


me (ADC) DIGITAL 


FEW INCHES TO 
A MILE OR MORE. 


Pp * 
snang. “MPMPIER FILTER® OUTPUT 
PROGRAMMABLE 
GAIN TRACK/ 
| AMPLIFIER HOLD 
(PGA) (T/H) 
a Se 


* SEE TEXT FOR OTHER 
EXAMPLES OF SIGNAL 


TO 
CONDITIONING 


TIMING AND CONTROL 


INTERFACE LOGIC COMPUTER 
FIGURE 1. Typical Data Acquisition System 
ANALOG- 
VREF DIGITAL 
TRACK/ MULTIPLEXER CONVERTER 
HOLD (MUX) (ADC) 


TRANS- AMPLIFIER FILTER (T/H) DIGITAL 
DUCER OUTPUT 
ge ee : 

| | | 


TIMING AND CONTROL 
INTERFACE LOGIC 


T 
COMPUTER 


APPLICATION 
NOTES 


FIGURE 2. DAS System For Simultaneous Sampling Of All Channels 
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FIGURE 3. High Accuracy, Multi-Converter DAS System 


Signal Conditioning 


Signal conditioning refers to all the operations 
performed on a transducer signal up to (and _ in- 
cluding) digitization by the A-D converter. Standard 
among these operations are multiplexing, program- 
mable gain, and Track/Hold. Others may be added as 
required: 


¢ Transducer excitation 

e Amplification 

e Filtering 

¢ Calibration 

¢ Linearization 

e Voltage to current conversion (4 to 20 mA: 
10 to 50 mA) 

¢ rms to dc conversion 

¢ Logarithmic signal compression 

¢ Common mode rejection 


For highest signal-to-noise ratio all signal con- 
ditioning should be performed near the transducer, 
with the exception of common mode rejection and 
filtering. Filters should be located near the 
multiplexer input. Besides minimizing alias errors 
originating in the high end of the transducer’s output 
spectrum, filters suppress wideband noise picked up 
on signal lines to the transducer. 


Transducers 


The first item in the signal path of a DAS is the 
transducer. This device usually transforms energy 
from one form to another, producing an electrical 
analog of the physical variables to be monitored or 
measured. Transducers are based on a variety of 
physical principles but most produce a voltage as 
output. Some yield an intermediate variable such as 
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resistance or capacitance, which is transformed to 
voltage by an applied electrical excitation (carrier 
frequency, dc voltage, current source). 

Often, several types of transducers are available 
to sense a given quantity. When selecting a voltage 
Output transducer, remember that a low source 
resistance is desirable, both to minimize noise and to 
reduce loading by the next “‘block”’ in the signal path. 
Provision on the transducer for a convenient method 
of signal calibration will be welcome, once a system 
is in operation. Also, a center tap on the transducer 
allows better interface to a balanced line if low level 
signals are to be transmitted. 

Several questions arise at this point: 

¢ Should the signal path be single-ended or 
differential? 

* Should the signal be transmitted at low level 
(100 mV) or high level? 

¢ What type of conductor should be used for 
signal transmission? 

Answers to these and other questions are 
covered in the following Sections. 


Signal-Ended vs. Differential 
Signal Paths 


Consider the transducer output. A high level 
Signal (100 mV to 10 V) is easier to handle than low 
level. ls a common mode signal present? If not, is it 
likely to be acquired as “pickup”’ during trans- 
mission? This is likely if the cable is routed near 
fluorescent lights, motors or other electrical 
machinery. If common mode voltage is not expected, 
then an economical single-ended connection is 
possible, with a single wire per channel and a com- 
mon return. (see Fig. 4). High level signals, short 
distance and controlled conditions will ensure good 
performance with this arrangement. 
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FIGURE 4. Single-ended Data Paths 


Low level signals require special treatment. 
Whether high or low level, the presence of common 
mode voltage calls for a differential signal path. The 
most widely used solution is an unshielded, twisted 
pair of wires, good for 1000 feet or so with a band- 
width of 100 KHz. As a minimum then, two wires per 
channel feed into a_ differential amplifier or 
multiplexer, buffered by a full or pseudo-differential 
amplifier to reject the unwanted common mode 
voltage (See Fig. 5). 


DIFF MUX 


TRANSDUCERS 
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FIGURE 5. Differential Data Paths 


For the case in which the transducer output is a 
low level voltage, the choice is whether to transmit it 
as is, or to boost the level by adding an amplifier. The 
amplifier will provide low source impedance as well 
as gain; two valuable forms of signal conditioning. 
However, providing power to a remote amplifier can 
be difficult. Even if a supply is available at the remote 
site, the voltage between two widely separated com- 
mons presents a problem. If the sum of signal plus 
common mode,;voltage does not exceed the input 
range of either the multiplexer or buffer amplifier, Fig. 
5 can be used. 

A more expensive approach is required for 
higher common mode voltages. One_ reliable 
technique is the ‘‘flying capacitor’ multiplexer of Fig. 
6, using reed relay switches. This works well for ther- 
mocouples bonded to machinery and riding on hun- 
dreds of volts relative to DAS ground, but in some ap- 
plications the reed relay’s 1 ms response time can be 
a limitation. 


MUX PGA 


XDUCERS 


SIGNAL GROUND 


FIGURE 6. “Flying Capacitor’ multiplexer using reed relay 
switches for high CMV signals. 
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Isolation amplifiers can handle higher voltages 
and higher bandwidths than the system of Fig. 6. For 
example, magnetically isolated amplifiers are rated at 
2KV and up with a small signal bandwidth of ap- 
proximately 2 KHz. One of these per channel is ex- 
pensive, but in addition to common mode rejection it 
can solve the problem of supplying power at the 
remote transducer. Isolation amplifier models are 
available which include +15V terminals, referenced 
to the floating front-end of the amplifier. This power 
can provide transducer excitation and supply an am- 
plifier or other signal conditioning circuitry. 

For higher bandwidth data, optically isolated 
isolation amplifiers are available with f.3gB = 15KHz 
and 2KV isolation. These amplifiers do not provide 
the external supply terminals to power transducer cir- 
Cuitry. 


Low Level Signals 


The main concern with signals below 100mV is 
that noise, offset voltage, and other aberrations can 
represent a large percentage error. A shielded, dif- 
ferential signal path is essential for transmitting 
these signals, especially to maintain a noise level 
below SOLV rms. 

Most transducer outputs are low level and low 
bandwidth as well. Since shielding precautions to be 
described are intended to produce an acceptable 
signal to noise ratio, filters may not be necessary. 
Otherwise, active filters with their relatively large dc 
errors should not be used for low level signals. 
Passive filters on the other hand, are restricted to two 
or three poles as a practical limit, which in turn 
restricts the allowable signal bandwidth for a given 
accuracy (see the Section titled Filters). 

The transmission cable carrying the transducer 
signal is critical in a low level system. It should be as 
short as practical and rigidly supported. Signal con- 
ductors should be tightly twisted for minimum en- 
closed area, to guard against pickup of elec- 
tromagnetic interference, and the twisted pair should 
be shielded against capacitively coupled (elec- 
trostatic) interference. A braided wire shield may be 
satisfactory, but a lapped foil shield is better since it 
allows only one tenth as much leakage capacitance 
to ground per foot. 

A key requirement for the transmission cable is 
that it present a balanced line to sources of noise in- 
terference. This means an equal series impedance in 
each conductor plus an equally distributed imped- 
ance from each conductor to ground. The result should 
be signals equal in magnitude but opposite in phase 
at any transverse plane. Noise will be coupled in- 
phase to both conductors and rejected as common 
mode voltage. Again, any such noise will be directly 
proportional to the source impedance driving the 
line. An isolation or instrumentation amplifier may be 
used to terminate the line, providing high input im- 
pedance, common-mode rejection, conversion from a 
differential to single-ended signal path, and a buffer 
for the ON resistance of the following multiplexer. 

Coaxial cable is not suitable for low-level 
signals because the two conductors (center and 
shield) are unbalanced. Also, ground loops are 
produced if the shield is grounded at both ends by 
standard BNC connectors. If coax must be used, carry 
the signal on the center conductors of two equal- 
length cables whose shields are terminated only at 
the transducer end. As a general rule, terminate 
(ground) the shield at one end only, preferably at the 
end with greatest noise interference. This is usually 
the transducer end for both high and low level signals. 


APPLICATION 


NOTES 


Printed circuit traces and short lengths of wire 
can add substantial error to a signal even after it has 
traveled hundreds of feet and arrived on a circuit 
board. Here, the small voltage drops due to current 
flow through connections of a few millionms must be 
considered, especially to meet an accuracy 
requirement of 12-bits or more. 

The table of Fig. 7 is a useful collection of data 
for calculating the effect of these short connections. 
(Proximity to a ground plane will lower the values for 
inductance.) 


EQUIVALENT 
WIDTH OF 
PC. DC 
CONDUCTOR 
(2 OZ. Cu.) 


IMPEDANCE 
PER FOOT 


0.00642 0.023522 
0.01022 0.02542 
0.016182 0.028822 
0.02572 0.03452 
0.04122 0.048832 
0.06682 0.071822 
0.1052 0.1102 

0.1682 0.1712 


RESISTANCE | INDUCTANCE 
PER FOOT PER FOOT 


0.00642 
0.010222 
0.016122 
0.02572 
0.04122 
0.06622 
0.10522 
0.16882 


FIGURE 7. Impedance of Electrical Connections, +20°C 


As an example, suppose the ADC in Fig. 1 has 
12-bit resolution, and the system accuracy is to be 
+ Ye LSB (+1.2mV). The interface logic might draw 
100 mA from the + 5V supply. Flowing through six in- 
ches of #24 wire, this current produces a drop of 
1.28mV; more than the entire error budget. Obviously, 
this digital current must not be routed through any 
portion of the analog ground return network. 


Filters 


The presampling or anti-aliasing filters shown in 
Fig. 1 are normally required with high-level signals of 
significant bandwidth, especially if the signal is to be 
reconstructed by a digital-to-analog converter after 
processing. If low level signals require a passive filter, 
the differential configuration of Fig. 8 preserves some 
degree of impedance balance onthe line. 


FIGURE 8. A Passive, Two Pole, Low Pass, 
Differential Input Filter 


A low-pass Butterworth response is best for the 
channel bandlimiting filter in most data acquisition 
systems. The Butterworth filter output decreases 
monotonically with frequency, though this at- 
tenuation is very slight within the passband. Other 
filter types produce ripple in the passband, whose 
amplitude degrades accuracy unless expensive, high 
tolerance components are used. 

Butterworth is not the most linear phase 
response, and if signal group delay is critical an ellip- 
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tic (Bessel) filter should be chosen. Again, however, 
Butterworth fits most applications. A given number of 
poles may be had by cascading the two and three 
pole sections shown in Fig. 9. Either reference under 
“Filters” in the Bibliography gives a systematic 
procedure for calculating R and C values in terms of a 
given cutoff frequency. See the Section on ‘Sampling 
Rate” for the poles vs. accuracy requirement. 


a 


a. TWO POLE SECTION 


z t 


b. THREE POLE SECTION 


FIGURE 9, Butterworth Low-Pass Filters 


Programmable Gain Amplifier 
(PGA) 


Unless the ratio of highest to lowest signals an- 
ticipated on any channel iss 2, some form of 
programmable gain amplification is desirable bet- 
ween the multiplexer and A-D converter. Without this 
variable gain block, the MSB’s are idled one after 
another as input level decreases. Although the 
resolution of an n-bit converter remains a constant 
FS/2" by definition, resolution referred to the input 
level is decreasing (FS = Full Scale). 

Considering resolution as referred to the input 
level, a 12-bit converter digitizes an input of .O6FS to 
only 8 bits. The full 12-bit resolution applies only for 
ViN=FS/2. Therefore to fully utilize the converter, gain 
should be added as necessary before each conver- 
sion, to meet the condition FS/2=V|N=FS. Then the 
amount of gain introduced by the PGA is noted by the 
computer to keep track of the actual input value. 

Three other services are performed by the PGA: 

1. Buffering: Prevents a loading effect due to the 
multiplexer’s ON resistance. 

2. Differential to Single-Ended Conversion: 
Necessary for the majority of Track (or Sample) /Holds 
and A-D converters. 

3. Common Mode Rejection (CMR). When con- 
nected to the output of a differential multiplexer, the 
PGA’s differential input rejects the common mode 
voltage accumulated by a signal transmission cable. 
Fig. 10 shows a subtractor or “pseudo-differential” 
PGA suitable for wideband signals with low common 
mode content. In this circuit, CMR is limited by 
precision of the “K” ratio and variations in the chan- 
nel source impedance. 


DIFF MUX K*R 


* K VALUE MAY BE SWITCHED FOR 
PROGRAMMABLE GAIN. 


FIGURE 10. Subtractor or Pseudo-Differential PGA 


Fig. 11 is the full differential PGA, necessary for 
low-level, high common mode signals. This version of- 
fers the highest gain accuracy and for high gain, the 
best CMR. 


DIFF MUX 


* VARY K TO CHANGE THE GAIN. 


FIGURE 11. Full Differential PGA 


The PGA normally precedes the Track/Hold, since 
the PGA would amplify any error introduced by that 
device. This order must be reversed to implement an 
auto-range capability, because the signal voltage 
‘must be held at the PGA input for the duration of an 
auto-range subroutine by the computer. Such an 
algorithm consists of: 

¢ Set PGA gain 

¢ Trigger a conversion 

e Note RESULT 

¢ |terate until (FS/2 = RESULT = FS) 


Sampling Rate 


Throughput rate for a DAS may be defined as the 
maximum number of digital samples per second that 
it can produce without exceeding its specified limit 
for accuracy. The system may run at a lower speed to 
avoid generating redundant and useless data; but if a 
waveform of significant bandwidth is to be recon- 
structed from the digital samples, then ‘‘the higher the 
better’ is generally the rule for sampling rate. 

The required rate is often higher than one would 
suppose. For example, using the criteria of data band- 
width alone, a very low sample rate is required for 
the slowly changing voltage outputs from a solar 
panel. Once per minute for each channel might be 
enough. With 60 channels though, the rate required is 
once per second. In addition, one might require a 
maximum of one second for notice of failure on any 
channel, boosting the required sample rate to 60 
samples per second. In this manner low bandwidth 
channels may require a high speed DAS, according to 
the relationship: 
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System Sample Rate = (Highest Channel Rate) 
X (Number of Channels) 

Also, a very high sample rate is required to 
preserve the high frequency content of a transient 
event on a single channel. The most commonly en- 
countered requirement though, is a multichannel DAS 
(see Fig. 1) with a modest bandwidth on each channel. 
For example, each data source might be an ac- 
celerometer with an output ranging through several 
hundred Hertz. 

Notice that the low and high bandwidth signals 
just described cannot be handled efficiently with the 
same system. A sample rate high enough for the 
highest bandwidth channel will oversample the lower 
bandwidth channels, generating unnecessary data. 
High and low bandwidth data are best handled by 
separate multiplexer/converter systems. 

Presampling filters are essential to ensure ac- 
Curacy in the sequence of digital samples represen- 
ting a given channel. Since the multiplexer is a sam- 
pler (as is the Sample/Hold and A-D Converter) this 
means a separate filter dedicated to each channel 
preceding the multiplexer. A single filter following the 
multiplexer would do the job, but its modest response 
time would form a bottleneck restricting the sample 
rate. Guidelines are needed then, to relate a given 
level of accuracy to data bandwidth, filter cutoff 
frequency, and number of filter poles. 

As mentioned earler, a filter limits the error due 
to alias frequencies by restricting the bandwidth of 
both signal and noise. Either acting alone or in con- 
cert may cause error, since alias frequencies arise in 
several ways: 

1. Overlap of the signal spectrum and the lower 
sideband associated with the sampling frequency fs. 

2. Overlap of the upper and lower sidebands 
associated with any two consecutive harmonics of fs. 

3. Overlap of any sideband with wideband noise 
from the data channel. 

A band-reject filter would control case 1, but a 
low-pass type is needed to handle cases 2 and 3 as 
well. Again, the Butterworth response is preferred in 
most applications, but it does offer increasing phase 
shift and gain error for frequencies approaching the 
cutoff (-3dB) frequency. This cutoff should be set no 
higher than necessary for acceptable gain error in 
the highest signal components. A higher cutoff will 
only include unnecessary noise bandwidth. 

Finally, for a given accuracy specification such 
as + 2 LSB, a tradeoff may be made between the 
sample rate and number of poles. These poles usually 
come from the filter, but the number may include any 
pole(s) inherent in the transducer, provided they occur 
at an acceptable location relative to the cutoff 
frequency. 

Fig. 12 shows aliasing error due to the signal 
spectrum alone vs sampling rate for different num- 
bers of poles. The horizontal axis is normalized to 
Sampling Frequency/Cutoff Frequency. Notice that a 
2-pole filter requires a sampling frequency 30 times 
the filter cutoff frequency, just to obtain 1% ac- 
curacy. For +% LSB error in a 12-bit system 
(+ .01%), a 5-pole filter requires sampling at 11 times 
the cutoff frequency. Remember, Fig. 12 applies only 
to the signal spectrum. Noise will cause some ad- 
ditional aliasing error. 

Clearly, Nyquist’s Sampling Theorem is not a 
practical guide for sampling rate in real applications. 
Actual (as opposed to hypothetical) filters cannot 
bandlimit a signal sufficiently to permit the 
theoretical minimum of two samples per cycle of 
highest signal frequency. 


APPLICATION 


NOTES 


oS we: 60c eam ame ea nace as eae ae en eee 
Se Oe EN SS AS l en GY om OSes 
ee wae meses 


—- 
— oe BO0ls ee ee “eee 
TR Te Tt ee 
BB) U8. (Hi Sel ee. 


NN 


NIN NCC 


2 ET TS Se A oe oe oe ews © 
=== Se SS Se Re oe Se ee SoD one Gee ae OF wwe © 
Seca en SSN Sts eee Gen ee Se be 


meats. ° S88. : eee cee ee ee eee 
feasts aa Besta “Tees a ek ep tipin beetle 
ae ea ‘ih Se A 


CHILL 


mil Hl, IS 


0.1 


“3 —_=— ——=s555=———— oon amass 
Se) a a See Ve ee ess 


ALIASING ERROR (% OF F/S, RMS) 


MES BES Gl) ee TON 


a Ol), ti Bal 


0.01 i 


100 1000 
nonbidenD SAMPLING RATE 


(SAMPLING FREQUENCY + FILTER CUTOFF FREQUENCY) 


FIGURE 12. Effect of Filter Poles on Aliasing Error 
Computer Interface 


The typical DAS we have described (Fig. 1) 
requires several control signals: 

¢ Multiplexer Channel Address 

e PGA Gain Address 

e Track/Hold Control 

e A-D Converter 
-Start Convert 
-MSB Invert 
-Short Cycle 
-Unipolar/Bipolar 
-Output Byte Enable 
-Conversion Interrupt, etc. 

This control can be provided directly by the comput- 
er, but some portion of these signals is usually supplied 
by an intermediate block of control logic. For monitoring 
predictable channel data, the DAS can repeatedly scan 
through its channels, trigger the converter, and notify the 
computer when each data sample is ready. This 
independent operation can be accomplished by a clock 
and counter arrangement to supply channel and gain 
addresses, plus a dual “one shot” multivibrator 
(74123) to gate the Start Convert and Track/Hold 
functions. 

To handle a sudden change in data level or other 
unexpected event, the computer must be able to random 
access any channel or PGA gain. Provision is made to 
write this information to the DAS via the computer’s data 
or address bus, using appropriate address decoders 
and latches. 

When processing higher bandwidth signals, one 
error source to be minimized is the Track/Hold’s 
aperture delay uncertainty, or jitter. The logic which 
generates the T/H control signal needs close attention, 
since jitter in this waveform adds to that specified for the 
device itself. 

Finally, the DAS output consists of a serial stream of 
parallel digital words from the converter, synchronized 


with the converter’s status signal indicating when the 
data is valid. Techniques for passing this data to the 
computer include direct memory access (DMA), memory 
mapping, and mapping via a dedicated I/O port, all with 
or without an external interrupt of the processor. 

DMA is most efficient for the high speed transfer of 
large volumes of data. This can proceed by program 
request, resulting in the movement of a block of data toa 
designated sequence of memory locations, at a speed 
limited only by the memory cycle time. As an alternative, 
hardware can be configured to allow transfer of a data 
word during every non-memory machine cycle. This 
allows an almost continuous output of data from the 
DAS. The transfers are asynchronous and unsolicited by 
the program with only a slight increase in software 
execution time. 

For less demanding data rates the choice is 
between an I/O or memory mapped interface. The former 
is best for small systems. For example, the 8085 
microprocessor can control up to eight I/O devices with- 
out external address decoding. Addition of decoders 
expands the field from 8 to 256 peripherals. 

There is a range of applications for which the choice 
of I/O or memory mapping is not clear, but memory 
mapping becomes attractive with increasing system 
complexity. The memory reference instructions available 
with this approach simplify programming and speed 
execution. A further increase in throughput is obtained 
by use of the processor's interrupt system, allowing the 
main program to proceed while an analog-to-digital 
conversion is in progress. 

Memory mapping plus interrupt is very effective; 
however, the software overhead associated with service 
of an interrupt-driven I/O interface results in a diminish- 
ing advantage as the required throughput rate increases. 
Again, DMA offers the advantage for high data rates. 
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MONOLITHIC SAMPLE/HOLD COMBINES 
SPEED AND PRECISION 


By Tarlton Fleming 


Introduction 


A new Sample-Hold amplifier from Harris Semicon- 
ductor offers the best combination of speed and ac- 
curacy available in a monolithic device. It was 
developed for moderate to high speed applications- 
and particularly as an input for successive-approx- 
imation A/D converters which perform a precise 
conversion in 30 microseconds or less. This second- 
generation design includes a 100pF MOS hold capac- 
itor, and offers a 1.0 microsecond acquisition time 
along with high accuracy over the commercial and 
military temperature ranges. 


This new product, the HA-5320, can track a signal 
indefinitely (like an op amp) while in the sample 
mode. At the instant a digital HOLD command is 
applied the corresponding signal level is held and 
maintained at the output. The ratio of sample 
(track) to hold time is set by the user, according to 
the duty cycle of his digital control signal. 


Comparisipn With Earlier Design 


The HA-5320 retains the versatility of its predeces- 
sor, the popular HA-2420. That is, both have the 
uncommitted differential inputs of an op amp, 
allowing their Sample-Hold function to be combined 
with many conventional op amp circuits. Their 
circuit designs are different, though, producing 
significant differences in performance. These are 
best illustrated by describing the new device in 
contrast with older HA-2420. Table 1 summarizes 
the electrical characteristics of each, based on a 
100pF hold capacitor. 


Both IC’s are packaged in a 14 pin DIP and operate 
on +15V supplies. The hold capacitor connections 
differ as shown in Figure 1. Otherwise, the pinouts 
are compatible to this extent: Either device will 
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operate in an existing HA-2420 socket if pin 6-is 
grounded, preferably to the system signal ground. 


The HA-5320 delivers optimum performance when 
used as intended — relying on the internal 100pF 
hold capacitor alone. At +759C this capacitor allows 
only 19uV of droop in 15us. The Droop Rate is 
proportional to Drift Current, which increases with 
temperature (Figure 3). Droop may be reduced by 
adding external cpacitance Cy as shown in Figure 1B. 
This extra capacitance will reduce the bandwidth 
(Figure 5) and affect other parameters as shown in 
Figure 4. Also, a capacitor of value 0.1CyY should 
be added at pin 8 to reduce output noise in the Hold 
mode. Whether operating with additional hold 
capacitance or not, an HA-5320 offers a considerable 
improvement in accuracy over the HA-2420. Partic- 
ularly welcome is the elimination of variation in 
“pedestal’’ error with input voltage. Further, the 
residual pedestal error may be nulled to zero, yielding 
great accuracy at a given temperature. 


UNITY-GAIN NONINVERTING CONNECTION 


S/H 


y 


Figure 1A. HA-2420 Diagram 
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NOTES 


Test Conditions: Vps =215V; Va, =0.8V (Sample); 
VAL = 2.0V (Hold); Cy = 100pF 


(Room Temp R = +25°C; Full Temp. F is -55°C to +1259C) 


Input Characteristics 
Offset Voltage 


Common Mode Range 
CMRR 


Transfer Characteristics 
Large Signal Voltage Gain 106!2 x 106 
Feedthrough Attentuation, 
100KHz 6 80 
Gain Bandwidth Product ; 


Output Characteristics 


Voltage 
Current 
Full Power Bandwidth 


Transient Response e 


X 

7 
+1 
= 
a8 


Rise Time 
Overshoot 
Slew Rate 


Digital Input Characteristics 
Voltage High (VAH) 
Voltage Low (Va_) 
Current (Va, = OV) 
Current (VAH = 5V) 


Sample/Hold Characteristics 
Acquisition Time,to 
+0.1% FS 
+0.01%FS 
Aperture Time 
Effective Aperture Delay Time 
Aperture Uncertainty 
Drift Current 
Pedestal Error 


Power Supply Characteristics 


0 
0 
0 


Positive Voltage 
Negative Voltage 
Positive Current 
Negative Current 
PSRR 


Table 1. Electrical Characteristics HA-5320 vs. HA-2420. 
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UNITY-GAIN NONINVERTING CONNECTION 


CONTROL & 


INTEGRATOR 
BANDWIDTH 


TT 0.1 x CH 


Figure 1B. HA-5320 Diagram 


Understanding Pedestal Error 


When a S/H amplifier is switched from Sample to 
Hold, its output voltage rarely matches the ideal 
value one would expect from a perfect device. In- 
stead, it differs by a small AV of a few millivolts, 
even with a DC input applied. Called ‘Sample to 
hold offset’’ or ‘‘pedestal’’, this error has a pre- 
dictable polarity and magnitude for given conditions. 


In general, this error is affected by magnitude of the 
input voltage, magnitude of the digital control level 
VAH, rise time of the logic transition, size of the 
hold capacitor and temperature. Most trouble- 
some of these is the variation of pedestal with input 
voltage, and this effect has been completely elim- 
inated in the HA-5320. 


Pedestal error is caused by the injection of charge 
onto the hold capacitor from a digital input, through 
small values of parasitic capacitance. Injection can 
come directly from the S/H control input or from the 
internal switch action. In Figure 1Aand1B, the ca- 
pacitance of a base-collector junction in the switch- 
ing circuit is represented as Cp, which varies with 
base-collector voltage for the transistor. That voltage 
is constant for the HA-5320, since Cp connects to 
a virtual ground. Therefore, charge injection and 
the resulting pedestal error are not affected by 
changes in Vin. (For the HA-2420 in Figure 1A, 
Cp varies with Vij and produces a varying pedestal.) 


Another source of injected charge is the S/H control 
signal. This coupling is virtually zero within the 
HA-5320 chip, but a packaged unit exhibits about 
one millivolt change in pedestal per volt change in 
TTL level. However, compensation in the chip has 
been adjusted for zero pedestal at the nominal TTL 
level of 3.5V. 


Null the Pedestal 


This may be accomplished by introducing an equal 
and opposite voltage at the output, using the Offset 
Adjust terminals as shown in Figure 2. Since pedestal 
error does not change with Vin, it may be treated 
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as a simple offset. Use of the Offset Adjust shifts 
the pedestal error to the Sample Mode though, 
which may cause problems in a few applications. 


~15V +15V 
10K2 °) oO 


OFFSET 
ADJUST 
21Bmv 


HI-8744 


VIN O 


S/H CONTROL 
H o DIGITAL 
s { \ OUTPUT 


ANALOG 
PWR. GND 


Y 
SYSTEM 
SIGNAL 


v 
SYSTEM 
POWER 

GROUND GROUND 


Figure 2. Signal Processing System 


For these, one may make use of the relation between 
pedestal magnitude and the digital input level. 


As mentioned earlier, the pedestal changes about 
one mV per volt of change in the digital ‘’1’’ level, 
or VAH. For small systems simply adjust VAH until 
the pedestal is eliminated. In larger systems, the same 
adjustment may be made locally: 


+5V 
HA-5320 


TTL 
COMMAND 


OPEN 
COLLECTOR 


Understanding Droop Error 


“Droop” is a change in output voltage vs. time while 
in the hold mode, caused by a flow of leakage current 
from the hold capacitor. For the HA-5320, this 
change is quite linear with time. The leakage current 
includes “‘‘off’’ leakage from the bipolar switch and 
bias current into the inverting input of the output 
integrator. The switch output consists of the joined 
collectors of two “off’’ transistors, NPN and PNP. 
These are tied to a JFET gate at the integrator input, 
so the hold capacitor looks at three leakage compo- 
nents, each of which doubles every 10°C. Ideally, 
these sum to zero and maintain a net zero leakage 
into the hold capacitor with changes in temperature. 
Effort has been made to achieve this. The JFET 
also produces less output noise than does the MOS- 
FET used in the HA-2420. 


An externally-supplied hold capacitor may provide 
other avenues for leakage current, but of course 
the HA-5320 does not require an external capacitor. 
Its 100pF internal hold capacitor is a guaranteed 
and factory-tested component. This eliminates 
the uncertainty associated with a user supplied com- 
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ponent, and also eliminates the selection, purchase, 
stocking, test and assembly of high quality hold 
capacitors. 


The typical leakage (called “‘drift’’) current varies 
with temperature as shown in Figure 3. Then, droop 
error is directly related to drift current by the relation 


VpRoopP = !DRIFT Aty 


CH 


where ty is time in the hold mode. Using CH=100pF 
and AtH = 25ys, typical droop error may be cal- 
culated for a given temperature: 


1.25UV @+ 250C 
23.0 pV @+ 750C 
425.0 uV @+1250C 


VDROOP = 


This shows a typical droop error of less than 1/5 
LSB in 12 bits at +1250C, for one of the major 
applications targeted for this device (input to a 
successive-approximation A/D converter with 25s 
conversion time.) 


IDRIFT, PICOAMPS 


TEMPERATURE, OC 


Figure 3. Hold Mode Drift Current v.s. Temperature 


ACQUISITION TIME 
FOR 10V STEP TO +0.01%, 
MICROSECONDS 


VOLTAGE DROOP 
DURING HOLD MODE, 


: a As MILLIVOLTS/ 0.1 SEC 


SAMPLE-TO-HOLD 
OFFSET (PEDESTAL) 
ERROR, MILLIVOLTS 


1000 10K 
CH VALUE, PICOFARADS 


100 100K 


Figure 4. Typical Sample-and-Hold Performance 
v.s. Hold Capacitance 
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a 
“a (CH = 100pF) 


— 


GAIN, dB 


PHASE, DEGREES 


40+ 


100K 1M 


10 100 1K 10K 10M 


Figure 5. Open Loop Gain and Phase Response 


Output Current 


Up to t20mA may flow without damage, but the 
guaranteed limit for normal operation is £10mA. 
The design does not include short circuit protection; 
consequently output impedance remains low with 
increasing frequency. This is an advantage in Figure 
2, where the S/H output sees step changes in load 
Current as a conversion proceeds. The HA-5320 
is able to absorb these current changes with only a 
small and brief (5mV, 100nS) perturbation in its 
output voltage. A higher output impedance would 
extend this transient toward the moment of decision 
by the converter’s comparator, producing a degrada- 
tion in digital output accuracy. 


With power applied, avoid a momentary short of the 
HA-5320 output to any fixed potential such as 
ground or either supply. 


Signal Processing Considerations 


An analog signal may be digitized by a Sample/Hold- 
AD converter system such as the one shown in Figure 
2. If required, the analog signal may then be recon- 
structed from that sequence of digital samples, using 
a D/A converter. One might ask, how does the 
sample/hold alone constrain this sampling process? 
That is, how high a frequency can be digitized to a 
given level of accuracy? 


The HA-5320 imposes three types of limit on the 
highest signal frequency applied atits input. First, 
the analog channel in the Sample mode has a 2MHz 
small signal BW, and a 600KHz Full Power BW (20 
Vpp_ input). Next, Aperture Uncertainty Time 
contributes a trade-off between accuracy and fre- 
quency. Finally, Acquisition Time places a ceiling 
on the maximum sample rate obtainable with a 
given A/D converter, according to: 
1 
MAXSR= tac + tcONV 

where tcONV is the A/D converter’s conversion time. 
(Input frequency must not exceed one half the 
Sample rate, unless the application is tolerant of 
“‘alias”’ errors). 


For example, the typical HA-5320 Acquisition Time 
for a 10V step is: 


Acquisition Time, taco 
+0.1% 0.01% 


0.8uUs 1.0uUs 
0.9us 1.1ps 


Temp 


+250C 
+1259C 


Thus a 25us converter could generate approximately 
(1,:s + 25us) -1 = 38,460 samples per second, allow- 
ing input frequencies as high as 19.23 KHz under 
ideal conditions (a low noise signal source with 
abrupt bandlimiting). 


In most applications though, a low pass “antialiasing” 
filter is required to bandlimit the HA-5320 input. 
This filter controls ‘‘alias’’ error by reducing the amp- 
litude of all signals and noise at andabove the Nyquist 
frequency (SR/2). A given accuracy requirement 
translates to a minimum attenuation at the Nyquist 
frequency, which is accomplished by increasing 
the sample rate and/or the filter complexity (# poles). 
Twelve bit (+1/2 LSB) accuracy for example, calls 
for a 5 pole filter and sampling at 11X the highest 
signal frequency of interest. Using 38.46KHz for 
Sample Rate, this limits the input frequency to 
3500Hz (SR/11). If this seems low, bear in mind 
that 12 bits £1/2LSB is a tight specification. 


The HA-5320’s Aperture Uncertainty Time also 
imposes a limit on input frequency, independent 
of that due to filter poles and sample rate. The 
relation is 

antl atau 

where tay is the aperture uncertainty and fmax is 
the highest frequency that can be sampled to +1/2 
LSB accuracy at n-bit resolution. Typical tay is 
270ps for the HA-5320, leading to 143.9 KHz for 
fmax at 12 bits. That makes the HA-5320 com- 
patible with some of the fastest 12 bit converters 
available today. Also, since fmax increases for lower 
resolution, the frequency limit based on aliasing will 
be encountered first in nearly all applications. 


fmax = 


Another parameter of concern is feedthrough. After 
sampling a signal and holding it, how much of that 
signal will couple to the output and appear super- 
imposed on the DC level there? At 100KHz, the 
answer is 1mVpp at the output, due to 10Vpp at 
the input. At 10KHz, the feedthrough is still 
~80dB indicating the coupling path is resistive over 
this range. 


At lower frequencies, the feedthrough is less (better) 
than this, since the HA-5320 is designed for relatively 
short hold periods. For example, the 3500Hz limit 
mentioned above for a 12 bit, 25us converter requires 
285us to complete one cycle. The HA-5320 will 
see only a small fraction of this input cycle during 
each hold period. 
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Op Amp Properties 


Both the HA-5320 and HA-2420 behave like op 
amps in the sample mode, and may be treated as such- 
that is, external feedback may be connected to 
form filters, integrators, inverting and non-inverting 
amplifiers with gain, etc. This versatility is in con- 
trast to many other designs in which the inverting 
input is internally connected, committing the device 
to the noninverting unity gain configuration. 


Referring to Figure 1, it may be noted that the 
HA-5320 is even more like an op amp that the 
HA-2420. Where the HA-2420 input stage is a 
voltage amplifier (actually an op amp by itself), 
the HA-5320 input stage is a transconductance 
amplifier, producing an output current gmVIN. 
Also, the HA-5320 output stage is an integrator, 
analogous to the 2nd stage of a classical op amp. 
The hold capacitor corresponds to the op amp’s 
compensation capacitor, through here the analogy 
falters. Like the op amp though, closed loop gain- 
bandwidth product for the HA-5320 may be pre- 
dicted from the expression gm/CH. 


Fabrication of the HA-5320 features the Harris 
high frequency dielectric isolation (DI) process, with 
front-diffused collectors and P-channel JFET’s. This 
approach has yielded DC input characteristics which 
compare well with those of premium monolithic 
op amps. Typical Offset Voltage is 200uV at +250C 
and only 2mV at +1250. Offset Current is guaranteed 
less than 100nA at +1250C, or half the value of 
Bias Current at that temperature. Common Mode 
Rejection is guaranteed 80dB minimum over the 
+10V range, with 90GB typical. 


The HA-5320 is very stable in the noninverting unity 
gain connection. Typical phase margin is 60° at an 
open loop unity gain frequency of about 2MHz. 


As mentioned earlier, the addition of external hold 
capacitance has a direct affect on bandwidth. For 
example, adding 1000pF increases Cy from 100pF 
to 1100pF. As a result, the 2MHz unity gain band- 
width shrinks to (100/1100) 2MHz = 
This means more time must be allowed for acquisi- 
tion for a new sample, but not in the same ratio: Ac- 
quisition Time to .01% increases from 1.0uUs to 
only 8.7us. 


Figure 6 shows the response to a 10 volt step in the 
sample mode. The asymmetry from rise to fall time 
for slew rate and overshoot is common to all units. 


Figure 7 shows some Sample/Hold characteristics 
for a small signal (10mVpp) input. The Sample to 
Hold settling time is less than 200ns-higher gain 
and sweep speed resolve this to about 160ns. Notice 


182KHz. 
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the final overshoot is less than .01% (one millivolt). 
This response is the same for any signal level. Also, 


USING THE HA-5320 


Min. ##POLES, 


REQUIRED ANTI-ALIASING 


slew rate is proportional to the magnitude of an 
input step, yielding a fairly constant value for slewing 
time, regardless of the distance slewed. This produces 
about one microsecond of acquisition time for any 
step change exceeding small signal conditions. For 
the small signal input of Figure 7, however, acquis- 
tion time is about 400ns (no slewing). 


av 


Figure 7. Small Signal Transient Response 


Applications 


A/D CONVERTER INPUT 


An important application has been presented in 
Figure 2, in which the HA-5320 serves to reduce 
the aperture time of an A/D converter. More directly, 
the Sample/Hold “freezes’’ an instantaneous value 
of VIN and holds it constant during the analog to 
digital conversion.In Table 2, fmax without a Sample/ 
Hold is relatively low, since aperture time equals the 
H|I-574A conversion time. Adding the HA-5320 sub- 
stitues a much smaller aperture, which could allow an 
input frequency over 100KHz, but a lower limit is 
imposed by alias error effects. This limit depends on 
various conditions in the application, so the values 
listed for fmax (using the HA-5320) are only represen- 
tative. 
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HI-5712 fmax (Vin) | MAXIMUM 
CONVERSION| WITHOUT | SAMPLING| fax (Vin) 
TIME, MAX. |SAMPLE/HOLD| RATE 


FILTER 


8 
3 
3 


Table 2, Accuracy v.s. Maximum Input Frequency fmax 


8 BITS +1/2LSB 111KHz 24.8KHz 


10 BITS +1/2LSB 95KHz 6.2KHz 


12 BITS +1/2LSB 83KHz 1.5KHz 


PEAK DETECTOR 


An analog signal requires about 100ns to propagate 
through the HA-5320. For time varying signals, 
this assures a voltage difference between input 
and output. Also, the voltage changes polarity when 
the signal slope changes polarity (passes a peak). 
This behavior makes possible a Sample-Hold peak 
detector, by adding a comparator to detect the 
polarity changes. 


In Figure 8 the exclusive NOR gate allows a reset 
function which forces the HA-5320 to the sample 


OFFSET 


HA-5320 


atch, © OUTPUT 


r (HA-4905) 


; (74LS266) 


RESET o 


Figure 8. Positive Peak Detector 


mode. The connections shown detect positive peaks; 
the comparator inputs may be reversed to detect 
negative peaks. Also, offset must be introduced 
to provide enough step in voltage to trip the compar- 
ator after passing a peak. 


This circuit works well from below 100Hz up to 
the frequency at which slew rate limiting occurs. 
It captures the amplitude of voltage pulses, provided 
the pulse duration is sufficient for slewing to the 
top of the pulse. 


The author wishes to thank design engineer Paul 
Hernandez and senior technician Roger O’Brien 
for their technical support. 
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HA-5170 PRECISION LOW NOISE JFET 
INPUT OPERATIONAL AMPLIFIER 


By J. S. Prentice and R. W. Leath 


Introduction 


The HA-5170 is a precision, JFET input, opera- 
tional amplifier which features low noise (12 nV/ 
JHz at 1kHz), low offset voltage (100 py V), low 
offset voltage drift (3 uy V/OC), and low bias currents 
(20pA). Complementing these excellent input 
characteristics are dynamic performance charac- 
teristics never before available from precision oper- 
ational amplifiers. An 8V/ us slew rate, 5MHz band- 
width and fast settling times less than 1.5 ws (set- 
tling to 0.01%) make the HA-5170 well suited for 
fast, precision A/D or D/A converter designs, 
precision sample and holds, precision integrators, 
or transducer signal amplifier designs. 


Inside the HA-5170 


The Harris technology has two important advan- 
tages. First, a unique ion implant process produces 
JFET’s with excellent matching and low 1/f noise. 
Second, the JFET’s are in their own dielectrically 
isolated islands which completely eliminates the 
largest gate current component — the island to 
substrate leakage. 


The HA-5170 has two voltage gain stages. The first 
consists of a differential JFET pair with resistor 
loads which develops a gain of 10. The second is 
a complete bipolar op amp with a gain of 30K. The 
absence of active loads in the first stage insures that 
the offset voltage, offset voltage drift and noise 
voltage result exclusively from the input JFET pair. 


When it comes to building low noise JFET 
componets, bigger is better. The JFET input noise 
voltage, both the 1/f and white componets, is 
inversely proportional to the square root of the gate 
area. Likewise, the input noise voltage due to the 
drain load resistors is inversely proportional to the 
square root of the resistance value. The JFET‘s 
“weigh in’ at a whooping110 mil2 gate area with the 
resistors at 14k{2.This results in typical noise voltages 
of 12nV/VHz at 1kHz, 25nV/V Hz at 10Hz and 
12V p-p over the 0.1 to 10Hz frequency band. 


Trimming the offset voltage of a JFET op amp 
usually degrades the offset voltage temperature 
coefficient, so a trim scheme that simultaneously 
nulls both the offset voltage and offset voltage 
temperature drift was developed. The dominant 
JFET mismatches arise from mismatches in the 
channel height and doping profiles, not photoli- 
thography errors. It is not surprising that the Vp 
mismatches correlate with the Ipss mismatches. 


The amplifier offset voltage is given by 


j | V | Al Al 
IDSS 2 IDSs IDSS IDS 


In this circuit, the mismatch of the drain load re- 
sistor sets the JFET drain current mismatch. 


Thus, the offset voltage can be zeroed by trimming 
the load resistors. Since Vp has a large positive temp- 
erature coefficient, the offset voltage drift is nor- 
mally degraded. By making the loads from compos- 
ite resistors, thin film resistors in series with diffused 
resistors, the temperature coefficient of the AR/R 
ratio can be set to cancel both the trimming induced 
drift and also the JFET mismatch induce drift. This 
makes the HA-5170 the first JEET op amp in which 
trimming the offset voltage simultaneously trims the 
offset temperature drift. Furthermore, the offset 
voltage drift is reduced to even lower values when 
the offset voltage is nulled externally with an off- 
set adjustment pot. The 5170 has a typical offset 
voltage of 100 p V, offset drift of 34, V/OC (without 
external offset nulling), and warm-up drift of only 
20 nV. 


The excellent dc performance of the HA-5170 is 
complemented with dynamic A.C. performance never 
before available from precision operational amplifiers. 
The 8V/us slew rate and 5MHz bandwidth allow 
the designer to extend precision instrumentation 
applications in both speed and bandwidth. The fast 
settling time of the HA-5170 (typically less than 
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1.5us, settling to 0.01%) also makes it well suited 
for fast precision A/D and D/A converter designs. 


Applications 


Several applications which utilize the design features 
and excellent performance of the HA-5170 are 
described below. 


Single Op Amp Instumentation Amplifier 


The HA-5170 may be used as a single op amp in- 
strumentation amplifier because of a unique design 
feature which places the offset adjust terminals at 
the juncture of two differential gain stages. The 
instrumentation amplifier, as shown in Fig. 1, is 
very simple and provides good performance features 
such as low noise, low offset voltage, low offset 
voltage drift and high input impedance at low cost. 


VOUT 


VREF 


Figure 1. Single Op Amp Instrumentation Amplifier 


The gain of the first differential stage is internally 
fixed at a gain approximately equal to 12. A feed- 
back resistor Ry connected between the output 
(Pin 6) and the balance pin (Pin 5) will close the 
loop around the second differential stage and set 
its gain. The closed loop gain of the instrumen- 
tation amplifier varies directly with the value of Ry 
and is approximately 


AVCL = 12.5 V/V/kQ 


The minimum gain which can be applied is about 
125 (R1 = R2 = 10k{2 ) because the current into 
pins 1 or 5 must be limited to 4mA. 


The second resistor (R2, which is connected be- 
tween Pin 1 and a reference voltage) is used to 
establish a reference voltage level for the output. 
This reference voltage may be placed at ground 
potential or may be variable for use as offset ad- 
justment. The resistor R2 should also be matched 
with Ry in order to maintain high common mode 
and power supply rejection ratios. Standard 1% 
tolerance resistors will typically provide 90dB re- 
jection ratios. 


The two inputs of the HA-5170, pins 2 and 3, may 
now be used as high impedance, true differential 
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inputs with a common mode range. of 
-Vsupplyt3V to +Vsupplyt0.1V. If resistor values 
Ri = R2 = 16kQ are used, for example, this circuit 
will provide a closed loop gain of 200 with a 3dB 
bandwidth of 20kHz and a THD <0.5% (Vout 
= 2Vp-p). The gain linearity is typically better than 
0.2%. However, the gain also changes about 0.2%/V 
with both common mode and power supply voltages. 
The gain T.C. is around 450ppm/°C but this can 
be reduced to less than 200ppm/°C just by using 
carbon film resistors which normally have negative 
T.C.’s (approximately 260ppm/°C for 16kQ_ re- 
sistors). Of course using resistors which have neg- 
ative T.C.’s near 450ppm/9C will cancel gain T.C.’s 
altogether. If a variable gain is desired, a trim pot 
(in addition to Rj and RQ) may be placed between 
the offset adjust pins. Resistors Ry and R92 and the 
maximum value of the trim pot will set the minimum 
gain. As the resistance of the trim pot is decreased, 
the gain will increase proportionally to the inverse 
of the trim pot resistance. This relationship of gain 
and trim pot resistance is shown in Fig. 2. 


This circuit also maintains all the HA-5170’s excellent 
A.C. and D.C. characteristics suchas low offset voltage, 
low offset voltage drift, low noise, and high gain. 


CLOSED LOOP GAIN 


0 100 200 300 400 500 600 700 800 900 1000 1100 1200 
CONDUCTANCE BETWEEN PINS 1 AND 5 (hp 2) 


Figure 2. Closed Loop Gain Vs. Conductance Of Trimpot 


Sine Wave Oscillator 


The instrumentation amplifier circuit described above 
can be easily modified to produce a low distortion 
sine wave oscillator with voltage controlled amplitude 
as shown in Fig. 3. The small changes in gain of the 
instrumentation amplifier that occur with changes in 
common mode voltage has been exploited here to 
provide oscillator amplitude control with a voltage 
source. Another unique feature of this circuit is 
that is does not require any of the nonlinear com- 
ponents that most other sine wave oscillators require. 


The phase lead network, which consist of R3, Ra, 
and Cy, cancel the phase lag through the amplitier 
and oscillation occurs at the frequency where the 
product of amplifier gain and voltage feedback ex- 


actly equals one. The amplifier gain is expressed as 
A 


A ee 
MET Teyal 


where A is the dc gain (about 125 for Rj = R2 = 
10k 2 ),Wo is the bandwidth (about 200K rad/s) 
and W is the frequency of oscillation. The voltage 
feedback is expressed as 
j WC1Rq4 
[1 +j WC, (R3 + Raq)] 
For their product to be equal to one, both of the 
following must be true: 
Wo 
[C7 (R3 + Ra4)] 


AC1R4 = Ci (R3 + R4) + ae 
Wo 


The ascillation amplitude is stabilized at the point 
where the loop gain is equal to one by the small 
gain nonlinearity of the instrumentation amplifier. 


VINO 


Figure 3. Sine Wave Oscillator With Voltage Controlled Amplititude 


This operating point and initial amplitude is set by 
the resistor divider network of R3 and trim pot 
R4 (R4 << R3). The amplitude can then be varied 
by applying a common mode voltage (Vij) through 
R3. Positive common mode voltages increase amp- 
litude by decreasing gain non-linearity while neg- 


VOUT (peak-to-peak) 
a 


Le | | 


1 2 3 4 5 
VIN (volts) 


Figure 4. Oscillation Amplitude Vs. Vin 


ative Common mode voltages decrease amplitude. 


A typical curve of amplitude versus common mede 


voltage is shown in Figure 4. The gain non-linearity 
of the instrumentation amplifier is small, however, 
and distortion less than 0.5% can be obtained over a 
100Hz to 100KHz range. 


Frequencies down to 10Hz can be achieved by 
lowering Wo with a capacitor in parallel with R74. 


High Impedance Transducers 


The HA-5170 is well suited as a preamplifier for high 
impedance transducers, such as photo diodes and hy- 
drophones, because of its high input impedance and 
low current noise. Fig. 5 shows a photo diode pre- 
amplifier circuit whose output voltage is approx- 
imately the photo diode current times the value 
of Ry. When no light is present, the output of the 
HA-5170 is 


Vo = IND R1+!IN R1+VNR+VN 
where IND = Shot noise of diode 
IN = Noise current of Op Amp 
VNR = Noise voltage of resistor 
VN. = Noise voltage of Op Amp 


_—_ 


HP5082-4203 
Photo diode 


Figure 5. Photodiode Preamplifier 


The signal to noise ratio is maximized when the rms 
sum of op amp and resistor noise current sources is 
equal to or lower than the noise current of the photo 
diode. Noise voltage sources are converted to noise 
current sources by dividing by Rj. The noise current 
of the photo diode may be approximated by the shot 
noise formula 2qlq, where Iq is the dark current, and 
is in the range of 10-13 to 10-14 A/\/Hz, depending 
upon the choice of photo diodes. The rms sum of the 
three sources is approximately 4 x 10-14 A/ Hz 
at 1kHz, assuming R1 = 20M. This rms summation 
is approximately the same magnitude as the noise 
current of the photo diode with the dominant noise 
source being the resistor noise (about 2.9 x 10-14 
A/ V Hz). If a bipolar op amp were used instead of 
the HA-5170, the noise current (typ. 4 x 10-13 
A/V/Hz) would be much higher than the noise current 
of the photo diode. The response time of the photo 
diode can be improved by applying 5 to 20 volts of 
reverse bias but the increased speed is achieved at 
the expense of higher shot noise. 


A resistor equal to the feedback resistor could be 
inserted between the non-inverting input and ground 
to reduce offset voltage. This is usually not necessary 
since the output offset voltage would only be 600UV 
for a 20M2Q. resistor. 
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Fig. 6 shows a hydrophone preamplifier with a 100Hz 
to 100kHz bandwith and a gain of 100. Since hydro- 
phone impedance is capacitive, it should be bypassed 
with a large bleeder resistor to shunt the bias currents 
to ground. 


F 162k:2 


| Ip 

4 
2000pF H drophone | H 
Clevite CH-17M(R) sk 4 
Figure 6. Hydrophone Preamplifier 


Current Source/Sink and Current 
Sense Circuits 


The HA-5170 can be used as a well regulated, two 
terminal, constant current source or sink, as shown in 
Fig. 7, or as a Current sense amplifier, as shown in 
Fig. 8. These circuits take advantage of FET inputs’ 
capability to accept a common mode voltage up to 
0.1V above the positive supply. 


The current from the constant current source consists 
of amplifier supply current and load current through 
R2, both of which pass through the sense resistor R1. 
The amplifier output will sink just enough current to 
cause the IR drop across Rj to equal the amplifier 
offset voltage. This offset voltage may be adjusted 
by the trim pot R3 and typically has a minimum 
adjustment range of 6mV. Smaller offset voltages 
give better power supply rejection ratios and usually 
give better results. The amplifier supply current, 
typ. 1.8mA, sets the minimum constant current 
while the amplifier short circuit protection limits 
the maximum to 15mA. Current regulation better 
than 0.08%/V and temperature variations better 
than 0.08%/0C can be achieved with this design. 
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Two operating constraints should be observed for 
best results. The resistor Ry should be selected 
so that the amplifier output voltage remains at 
least 1.3V from either supply pin and the total 
voltage across pins 4 and 7 should be at least 12V 
but not over 40V. 


The HA-5170 may also be used as a simple current 
sense amplifier in power supply applications. In 
this circuit, the power supply current develops a 
small voltage drop across the sense resisitor (Rs in 
Fig. 8) and the ammeter will display a current which 
is equal to I; x Rg . Of course the HA-5170 could 
Ry 

also be placed in an open loop (comparator) con- 
figuration in which case the output would “trip” 
when the IR drop across Rg exceeds the offset 
voltage. This “trip’’ point can be controlled by an 
offset adiust trim pot connected as shown. The low 
noise, low offset voltage, and low bias current char- 
acteristics of the HA-5170 provide accurate measure- 
ment of supply current with very few components 
and can operate over a supply range of 7 to 40V. 


ISOURCE 


Figure 7. Two Terminal Constant Current Source/Sink 


Rs 


Figure 8. Current Sense Amplifier 
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USING HA-2539 OR HA-2540 VERY HIGH SLEW RATE, 
WIDEBAND OPERATIONAL AMPLIFIERS 


By: Richard Whitehead 


Introduction 


With the superior dynamic performance available from 
the HA-2539 and HA-2540, a wide variety of applications 
can be “idealized”. From high fidelity audio to television 
broadcast and receiving equipment these operational 
amplifiers can be used to provide increased system 
capabilities. Employing the Harris High Frequency 
Dielectric Isolation Process, the HA-2539 with true 
differential input devices offer 600V/us slew rate coupled 
with 600MHz gain bandwidth product. These outstanding 
AC parameters in conjunction with an excellent time 
delay of 4ns (see photo), standardize HA-2539 in critical 
wideband video and RF applications. 


The HA-2540 is very similiar in design with the HA-2539, 
except for the addition of some small internal 
compensation (approximately 7pF). It offers a 400V/us 
slew rate and a 400MHz gain-bandwidth product. The 
pinout of the HA-2540 uses the familiar 14 lead DIP pinout 
of other Harris wideband amplifiers. 


INPUT 
10mV/Div. 
; OUTPUT 
100mV/Div. 


TIME DELAY=4ns 


HA-2539 TRANSIENT RESPONSE WAVEFORMS 


Prototyping With HA-2539 or HA-2540 


Being a “true” operational amplifier, HA-2539 or HA-2540 
may be “designed in” using conventional high frequency 
amplifier techniques. Quality |.C. sockets may be used, 
but for maximized dynamic performance it is suggested 
these devices be mounted through a ground plane. Exter- 


nal components should have minimal lead lengths and 
perferably connected directly to the device pins. Metal 
film or metal oxide resistors are recommended for feed- 
back components. If direct connection is not possible, 
Teflon insulated standoffs should be used with locations 
as close as possible to device pins. Power supply decou- 
pling with .001uF ceramic capacitors from the device 
supply pins to ground is essential. Alternatively, filter 
connectors such as Erie 1201-052 are suggested for opti- 
mum decoupling. 


For best high frequency performance, feedback resistor 
values should be restricted to minimal values. Values be- 
low 5KQ. are recommended to reduce possibilities of in- 
troducing unwanted poles into the applications transfer 
function. Figure 1 indicates how high values for closed 
loop gain can be implemented, while maintaining feed- 
back element values. This method is called “T network” 
feedback and values for the resistors can be derived from 
the following expression. 
Ry = R2 
Rr - 2R 


Where: 


Rf is the value of feedback resistance to be reduced andR 
is a value preselected by the designer. 


R2 
Re - 2p 


WHERE R IS PRESELECTED AND Re 
IS DESIRED FEEDBACK RESISTOR VALUE 


FIGURE 1. KEEPING FEEDBACK VALUES LOW 
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Application Note 547 


The HA-2539 and HA-2540 may be used without heat 
sinks up to +75°C ambient. Power derating above this 
temperature is 9.6mW/°C and heat sinking is recom- 
mended. Thermalloy model 6007, Unitrack CPU 1017, or 
AAVID 5602B heat sinks are suggested for temperatures 
up to+125°C ambient. Also refer to Application Note 556 
for further Safe-Operating-Area information. 


General Operating Considerations 


Dynamic performance of the HA-2539 and HA-2540 were 
maximized through the exclusion of output short circuit 
protection and internal offset voltage adjustment circui- 
try. 


Although these amplifiers can withstand momentary 
short circuits to ground, it is recommended that some 
output current limiting network be used, if the operating 
environment is hostile. Figure 2 shows a suggested 
method for output terminal protection. 


Offset voltage adjustment may be accomplished by the 
suggested methods shown in Figure 3 (a) and (b). 


As with many wideband, high speed devices, recovery 
from output saturation can be in the order of microse- 
conds. HA-2539 and HA-2540’s saturation recovery from 


FIGURE 2. OUTPUT PROTECTION FROM FAULT 
CONDITIONS FOR HA-2539 & HA-2540 
INPUT 
OUTPUT 
250K2 R4 R3 
200K2 = x 1008 = 
(a) ee: SL 
3a. <p 
R41 
V+ INPUT R2 
R5 OUTPUT 
>50K2 
vo = 
3b. Av =- Ri 


FIGURE 3. OFFSET NULLING FOR HA-2539 AND HA-2540 


Range of Adjustment for Both Non-inverting (Top) and Inverting 
Amplifiers (Bottom) Determined by Product of Vgypp_y and R3/Rq4 
Ratio. 


its positive rail is of the classical variety where voltage 
charges on the “body” capacitance of output devices 
must discharge before normal operation can be resumed. 
Recovery from the negative rail is similar to the positive 
rail recovery except during saturation small signal 
oscillation may occur. This oscillation is due mainly toa 
regenerative signal coupled back to the input during 
saturation. 


General Applications 
FREQUENCY COMPENSATION 


HA-2539 and HA-2540 are stable in standard operational 
amplifier circuits with closed loop gains exceeding +10 or 
-9. Keeping the network resistor values and source 
resistance as low as practical in these configurations 
should optimize the dynamic performance. 


Circuit configurations shown in Figure 4 may be used to 
Stabilize the HA-2539 or HA-2540 at closed loop gains less 
than specified. Figure 4(a) employs capacitance to over 
damp the amplifiers’ response. Stable operation to gains 
of 5 are practical. Figure 4(b) utilizes the amplifier’s 
differential input impedance to reduce input and 
feedback signals thereby raising noise gain to a stable 
point on the response curve. Gains of -3 are practical. 


R1 
SET Ay=1+> =5 


20-100pF 


FIGURE 4a. COMPENSATION BY OVERDAMPING 


SET: Ay= “e -3 


FIGURE 4b. STABILIZATION USING Ziy 


Reducing DC Errors 


A composite amplifier scheme may be used to reduce 
errors due to offset voltage and bias current. Figure 5 
shows HA-2539 and HA-5170 in a composite con- 
figuration which greatly reduces DC errors without 
compromising the high speed, wideband characteristics 
of HA-2539. The HA-2540 could also be used, but with 
slightly lower speeds and bandwidth response. 


The HA-2539 amplifies signals above 40KHz which are fed 
forward via Co and Ro. Resistors R4 and Rs set the voltage 
gain at -10. The slew rate of this circuit was measured at 
350V/us. Settling time to a 0.1% level for a 10V output step 
is under 150ns and the gain bandwidth product is 
300MHz. 
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R5 1K22 R4 10KQ2 


FIGURE 5. COMPOSITE AMPLIFIER 


The HA-5170 amplifies signals below 40KHz, as set by C1 
and Rj, and controls the DC input characteristics such as 
offset voltage, drift, and bias currents of the composite 
amplifier. Therefore, it has an offset voltage of 100yV, drift 
of 2uV/9C and bias currents in the 20pA range. The offset 
voltage may be externally nulled by connecting a 20K pot 
to pins 1 and 5 with the wiper tied to the negative supply. 
The DC gains of the HA-5170 and HA-2539 are cascaded, 
which means that the DC gain of the composite amplifier 
is well over 160GB. 


The excellent AC and DC performance of this composite 
amplifier is complemented by its low noise performance, 
0.5uVrms from 0.1Hz to 100Hz, and makes it very useful in 
high speed data acquisition systems. 


Boosting Output Power and 
Increasing Output Signal Swing 


Figure 6 shows a cost effective method for increasing 
output voltage swing or boosting power of the HA-2539 or 
HA-2540 while adapting the device to supply rails which 
exceed the absolute maximum ratings. The supply rail 
values are limited only by the breakdown voltages of the 
transistors used, provided Rj through Rg, are set to limit 
the voltage at the device supply pins to nominal supply 
voltages (+15V). Transistor selection should be limited to 
high fy (greater than 60MHz) types such as MPS-A06 and 
MPS-A56. Physical layout properties may necessitate the 
use of phase lead compensation, in which case CF may be 
added. It has unmeasurable distortion and very low noise 
within the audio band. 


+V (30V)* 


SIGNAL OUT 


“NOTES: 
1. Used for experimental purposes. Cz ~ 3pF. 
2. Cz is optional (.0014F — .01uF ceramic). 
3. Rs is optional as can be utilized to reduce input signal amplitude 
and/or balance input conditions Rs = 5002 to 1K. 


FIGURE 6. BOOTSTRAPPING FOR MORE OUTPUT 
POWER AND VOLTAGE SWING 


Applications 
INTRODUCTION 


HA-2539 and HA-2540 may be utilized in a wide variety of 
applications ranging from active filters to video pulse 
amplification. However, the applications to follow were 
selected to show where this can be used most 
advantageously. 


APPLICATION 1: CASCADED AMPLIFIER 


Cascaded amplifier sections are used to extend band- 
width and increase gain. Using two HA-2539 devices, this 
circuit is capable of 60dB gain at 20MHz. 


Aj C2 


SET: Ay+30.8 rto 
hs 
: Ay~33.3 


APPLICATION 1. CASCADED AMPLIFIER SECTION 
APPLICATION 2: VIDEO GAIN BLOCK 


Video drivers and gain blocks used in color video systems 
are most always required to have outstanding differential 
phase and differential gain specifications. These require- 
ments historically have eliminated the use of operational 
amplifiers and favor large discrete amplifiers which can 
be tailored to minimize systems errors. 


This configuration utilizes the wide bandwidth and speed 
of HA-2540 plus the output capability of HA-5033. 
Stabilization circuitry is avoided by operating HA-2540 at 
a closed loop gain of 10 while maintaining an overall block 
gain of unity. However, gain of the block may be varied 
using the equation: 
VOUT Re 
VIN (Ry + Ra) 
where Rz + Ro = 750 


A maximum block gain of 3 is recommended to prevent signal distortion. 


VIDEO 

SIGNAL 
INPUT Ry 
O 


APPLICATION 2. VIDEO GAIN BLOCK HA-2539 & HA-2540 


The circuit in Application 2 was tested for differential 
phase and differential gain using a Tektronix 520A vector 
scope and a Tektronix 146 video signal generator. Both 
differential phase and differential gain were too small to 
be measured. 
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APPLICATION 3: HIGH FREQUENCY OSCILLATOR APPLICATION 4: WIDEBAND SIGNAL SPLITTER 


Intended primarily as a building block foraQRPtransmit- With one HA-2539 or HA-2540 and two low capacitance 
ter, this 20MHz oscillator delivered a “clean” 6Vp-p signal switching diodes, signals exceeding 10MHz can be 

into a 100 load. separated. This circuit is most useful for full wave 
. rectification, AM detectors or sync generation. 


APPLICATION 3. 20MHz OSCILLATOR APPLICATION 4. WIDEBAND SIGNAL SPLITTER 
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NEW HIGH SPEED SWITCH OFFERS 
SUB-50ns SWITCHING TIMES 


By Carl Wolfe 


Introduction 


An ideal CMOS analog switch would exhibit such 
characteristics as zero resistance when turned on, 
infinite resistance when turned off, zero power 
consumption, and zero switching time. Unfortun- 
ately, such a device is usually found as an example 
in a college textbook. The real world offers trade- 
offs and imperfections which prevent the realization 
of the ideal. The integrated circuit designer works 
within these limits and attempts to optimize device 
erformance by utilizing new technologies and im- 
eS circuit design. The development of a new 
high speed analog switch required the use of both 
of these techniques to achieve its performance. 
(See Appendix |: “Inside the HI-201HS”). 


The HARRIS HI-201HS is the industry’s first sub- 
5O0ns monolithic analog switch and along with fast 
switching speed, offers improved performance and 
pin compatibility with industry standard 201’s (Fig. 
1). This article will discuss the technology, per- 
formance, and applications for this product. 


Improve Those Existing Designs 


The application circuits which follow are examples 
of typical applications and illustrate how the HI- 
201HS can improve existing applications where 
standard 201’s are presently being used. 


The first example is a high speed multiplexer shown 
in Fig. 2. The analog multiplexer is a circuit which 
switches a number of analog inputs to a single output 
and is used heavily in data conversion and avionic 
applications. This function can be easily achieved 
with the HI-201HS by tieing the outputs together 
and selecting the appropriate analog input. The HI- 
201HS is an excellent choice for this application since 
its low on resistance and leakage current will reduce 
system error, and its high speed is unmatched by any 
other monolithic analog switch. Since the output 
capacitance is additive, the RC time constant of the 


load will increase when the outputs are made com- 
mon. 


The next application is a high speed sample and hold 
which takes advantage of the improved performance 
of the HI-201HS and the precision F.E.T. input of 
the HA-5160 high slew rate amplifier. A sample 
and hold circuit or track and hold as it is sometimes 
called, has two operating modes. In one mode the 
switch is closed and the capacitor charges to the input 
voltage. The second mode occurs when the switch 
is opened and the capacitor holds this charge for a 
specified period of time. 


The speed of a sample and hold circuit is directly 
related to the switching device used and the output 
amplifier. This characteristic of a sample and hold 
circuit is called the acquisition time. It is defined 
as the time required following a “sample” command, 
for the output to reach its final value. The acquisi- 
tion time includes the switch delay time, the time 
constant of the switch on resistance and hold ca- 
pacitor (T = RON CHOLD), and the slew and set- 
tling times of the output amplifier. 


The photographs shown in Fig. 3 illustrate the im- 
provement in the acquisition time possible by using 


the HI-201HS. The first photograph represents 
the sample/hold circuit using a standard 201 switch 
and an HA-5100 operational amplifier. The first 
waveform is the ‘“‘Sample”’ voltage (VA). The second 
waveform is the voltage on the hold capacitor (V1). 
And the third waveform is the output of the amplifier 
(V2). 


The second photograph is the same circuit with a 
H1-201HS and on HA-5160 op amp. Comparison of 
the photographs shows the HI-201HS has significant- 
ly reduced the switch delay time and the high slew 
rate of the 5160 amplifier has also contributed to 
the reduced acquisition time. 


A source of error in this circuit is a d. c. offset which 
is called sample to hold offset error. This error is 
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NOTES 


primarily due to the charge injection (Q) of the 
switch and is related to the hold capacitance by the 
following expression, 


offset error (VQ) = charge transfer (Q). 
pianos ee 


The reduced charge injection of the HI-201HS 
(typically 10 pc) will result in immediate reduction of 
this error. 


Using analog switches with operational amplifiers 
is Common in circuit design. An example is shown 
in Figure 4 which is an integrator with start/reset 
Capability. 


TOP VIEW 
Ai 1 16 A2 
! ' 

OUT1 2 : 15 OUT2 
IN1 3 14 IN2 
V- 4 13° Vt 

GND 5 12 NC 
IN4 6 11. IN3 
OUT4 7 10 OUT3 
Ag 8 9 A3 


LOGIC SWITCH 


TYPICAL SPECIFICATIONS (+15V Supply) 


Figure 1. Typical Pinout and Specifications — The HI- 
201HS is pin compatible with standard 201’s and offers 
improved performance. Specifications given are typical 
values at Ta = 25°C, 
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(a) 


(b) 


Figure 2. High Speed Analog Multiplexer: (a) circuit 
response using the standard 201 (Taccess = 400ns) (b) 
circuit response using HI-201HS (taccess = 50ns). The 
access time is defined as total time required to activate 
an “off” switch to the “on” state, Access time is normally 
measured from the initiation of the digital input pulse 
(Va) to the 90% point of the output transition. 


HI-207HS 


Vai Va2 Vaz VaA4 


Figure 3A. High Speed Sample and Hold: The basic 
sample and hold samples the input voltage when the switch Figure.4A 
is closed and the capacitor holds the voltage when the switch : 
is open. The speed of the switching element affects the 
speed of the sample and hold. 


Integrator with Start/Reset: A low logic input 
pulse disconnects the integrator from the analog input 
and discharges the capacitor. When the logic input changes 
to a high state, integrator is activated. 


Figure 3B. Circuit response to a “Sample” command Figure 4B. Low Level Integration— Circuit response 
using a standard 201 and an HA-5100 operational amplifier using standard 201 switch. 
(Acquisition time = 1.5 js) 


APPLICATION 
NOTES 


Figure 3C. Circuit response using an HI-201HS and 
HA-5160: HI-201HS significantly reduces switch delay Figure 4C. Low level  integration—Circuit response 
time. (Acquisition time = 500ns) illustrates improved charge injection of the HI-201HS. 
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The switch is used to apply the input signal and to 
reset the integrator. Applying a low logic level re- 
moves the input signal and the capacitor is discharged. 
When a logic level high is present, the input signal is 
integrated with a rate of change equal to 


dvo/qt = if = -Vj 
Ce RiC¢ 


The reduced on resistance, leakage current, and 
charge injection of the HI-201HS will improve the 
performance of this circuit and an example of this 
improved peformance can be seen in the photographs 
in Figure 4. These photographs illustrate the reduced 
charge injection which the 201HS offers. The com- 
ponent values are Ry = 1MQ , C = 150pF and Vin 
= -1V. With these values, the amplifier will integrate 
the input signal with a slope of 6.6mv/u s. Fora 
50 us time period, the amplifier will integrate to a 
magnitude of ~ 300mV. The photographs of the 
test results indicate this to be true, but it should be 
apparent that the two photographs are quite dif- 
ferent. The first photograph represents the amplifier 
output using a standard 201 as the reset switch. 
The second photograph is the same circuit with a 
201HS. 


The offset error in the first photograph is due to the 
charge injection of the switch. Using the expression 
Q = V xC and knowing the standard 201 has a typical 
charge transfer of 30pc, this offset can be calculated. 
V = O/C = 30pc/150pf=200mvV. 


Other examples of combining switches and amplifiers 
are shown in figures 5 and 6. In both these applica- 
tions the switch is used to tailor the amplifiers 
performance. Figure 5 is a low pass filter with a 
selectable break frequency. 


Figure 5. Low Pass Filter with Selectable Break Fre- 
quency— Switch selection places various values of capacit- 
ance in parallel with the feedback resistor. The value of the 
Capacitor determines the break frequency. The break fre- 
quency is that frequency at which the signal begins atten- 
uation. 
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Figure 6. Amplifier with Programmable Gain— Switch 
selection activates a new voltage gain which is determined 
by the resistive feedback. 


Depending on which switch is selected, a particular 
cutoff frequency is introduced by the expression, 


FOS. 34 
277R Cy 


A programmable gain amplifier is shown in Figure 6. 
Similar in function to the filter application, the gain 
of the amplifier is determined by selection of a switch. 


When using switches with other components it is 
important that a switch be selected which introduces 
a minimal amount of error to the circuit. Operational 
amplifier gain error due to high on resistance or 
offset voltages due to excessive leakage current and 
charge injection are examples of potential error 
created by the switch. The previous applications have 
demonstrated that the 201HS offers improved 
performance by minimizing circuit error and increas- 
ing system speed. 


On The Drawing Board 


Since the introduction of the HI-201HS switch, 
many engineers have expressed an interest in using 
this new product. Although much of their work is in 
a preliminary stage and they do not want to divulge 
exact details on their designs, the following informa- 
tion is intended to give you an idea of how other 
engineers are considering using the HI-201HS. 


The majority of the engineers are interested in taking 
advantage of the products fast switching speed. One 
particular engineering group is investigating replace- 
ment of DMOS (double-diffused MOS) transistors 
with the HI-201HS. 


The DMOS transistor is capable of extremely fast 
switching speeds (1ns) and until now, switches 


fabricated using CMOS technology have not been 
fast enough to be considered. But the HI-201HS 
is attractive since it offers unprecedented switching 
speed along with the established benefits of CMOS 
technology. Such benefits include a wider analog 
signal range capability and lower operating power 
requirements. 


A common application for analog switches is time 
division multiplexing, where many signals are pro- 
cessed on a single channel. High speed switching 
allows higher information capacity on the channel, 
since the switching speeds of an analog switch are 
directly related to the maximum switch activation 
frequency. The faster a switch can turn on and 
off, the higher the possible switching frequency. 
An example of this relationship is shown in Figure 
7. \f a switch is activated at a frequency of 1MHz, 
it must turn on and off within a 500ns time period. 
Since the HI-201HS has a maximum on and off times 
of 50ns, and can turn on and off within a 100ns 
time period, it theoretically possible that it can 
be activated at a 5MHz frequency rate. This im- 
proved capability is making the HI-201HS an 
attractive component to design engineers requiring 
high frequency data processing. Conversations with 
engineers indicates that possible applications are 
computer graphics and visual display circuit designs. 


VIN VouT 


Locic input —F LS LE 


f = 1IMHz le 1 -»| 
f= 1/f 
T = 1/106 
T = 10°6 sec = 1 Us 
T = 500ns 
2 
Figure 7. High Frequency Switching — HI-201HS fast 


switching times allow it to transfer data at a higher rate 
of frequency. 


Another area where the HI-201HS is generating in- 
terest is in the area of medical electronics. This is 
a growing field and improvements are continously 
being made as products become available much of the 
medical equipment being designed requires both high 
speed and accuracy. 


Medical test equipment is primarily used to transmit 
or receive information from the patient. An example 
where both these functions are used is in the area 
of ultrasound. Ultrasound testing requires that a 
signal be transmitted to the patient and the return 
signal is then amplified and displayed or recorded. 
The 201HS is being considered for the use in such 
an application and would be used to control the 
transmission and reception of these signals. 
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Figure 8. Video Switching with Improved Isolation— 
Improved high frequency off state performance is obtained 


by using a T-Switch configuration, When two series switches 


are off, the third switch is shorted to ground. 


The designers are not only interested in fast switching 
speed, but also in low on resistance. This is an im- 
portant aspect of the switch since many of the elec- 
trical signals in medical electronics are of a small 
magnitude. An example is patient monitoring equip- 
ment which converts physiological parameters into 
electrical signals. If these low level electrical signals 
require switching before amplification, a low on 
resistance switch is essential to minimize the voltage 
drop across the switch itself. The low on resistance 
of the HI-201HS enables it to be used in applications 
using signals of smaller magnitude. 


Video circuit design involves the control of high fre- 
quency signals. Applications which require the 
switching of these high frequency signals are usually 
limited by the off isolation and crosstalk performance 
of the switch. Off isolation is defined as the amount 
of feedthrough of an applied signal through an off 
switch. Crosstalk is the amount of cross coupling of 
an “‘off’’ channel to the output of an ‘’on” channel. 
Both of these switch characteristics will degrade as 
the frequency of the input signal increases. 


The HI-201HS has some improvement over the 
standard 201 in these areas but the configuration 
shown in Figure 8 is being used by designers to im- 
prove the isolation capabilities of CMOS analog 
switches. This configuration is known as “’T” switch- 
ing since the three switches used for passing the signal 
could be thought of in the shape of the letter T. The 
simplified figure shows that when switches # 1 and 
44 2 are off, switch # 3 is tied to ground. When 
switches £1 and ## 2 are on, #3 is off. This im- 
proves isolation by having two channels in series off 
and any feedthrough is fed to ground. 


APPLICATION 


NOTES 


Conclusion 


The HARRIS HI-201HS is the fastest monolithic 
CMOS analog switch available. It offers improved 
performance for existing designs and should be con- 
sidered for use in any application where switching 
speed is an important criteria. 
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Appendix I-\NSIDE THE HI-201HS 


The HI-201 is a TTL compatible quad CMOS analog 
switch which features switching times under 50ns 
and a typical ‘‘on” resistance of 3592. The fast 
switching times are achieved through a combination 
of process and circuit design techniques. The HI- 
201HS is fabricated using a dielectric isolation 
process with complementary PNP and NPN bipolar 
transistors and polysilicon-gate CMOS. The use of 
bi-technology process enabled a unique circuit called 
a D.C. Static Level Shifter to be designed. 


The typical CMOS analog switch consists of a switch 
cell which is driven by a level shifter. The level 
shifter converts a single logic input into two com- 
plementary outputs which drive the gates of the 
CMOS switch cell (Fig. A). The switch cell represents 
a Capacitive load to the level shifter, so fast switching 
times require large drive currents to charge these 
capacitances quickly. The D. C. Static level shifter 
circuit (Fig. B) provides large drive currents only 
when switching and dissipates little power in a 
quiescent condition. 


The D. C. static level shifter achieves high switching 
speeds through the use of a unique bipolar input stage 
and a network of switching and holding MOS tran- 
sistors. Devices MN5, MP5, MN9 MP9 are the switch- 
ing transistors and MN6, MP6,-MN10, MP10 are the 
holding transistors. The major advantage of the 
bipolar input transistors is that its transconductance 
(gm) is much higher than that possible with F. E. T. 
transistors. 


To understand the level shifter operation, consider 
a change of logic input from low state to high. 
Initially VA is low, Q = Q1 = Q’ = -15V and G = 
0; = Q’ = 15V. VB is at ground and ON2, OP2 are 
off. When Va goes high, OQN2, OP2 turn on, which 
slew the gates of switching devices MN5, MP5 with 
a current | = (VA -2VB_E)/R. The switching devices 
overcome the holding devices, MN10, MP10 and 
switch the internal nodes Q1, and O1. CMOS buffers 
111, 113 provide large drive currents to the switch 
cell, while inverters 112, 114 provide delayed feed- 
back signals. The feedback signals turn off holding 
devices MN10, MP10 while turning on holding devices 
MN6, MP6. The feedback also turns on QN2, OP2 
by means of MN1, MP1. These feedback signals 
have returned the level shifter to a static condition 
by turning the bipolar input stage and MOS switch- 
ing transistors off. 


LEVEL SHIFTER 


AND 
DRIVER 


O INPUT 


© OUTPUT 


Figure A, Simplified 1. C. Analog Switch Operation— 
Level Shifter converts logic input into drive signal for CMOS 
switch cell. 
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Figure B. 
level shifter consists of a unique bipolar input stage and a 
network of switching and holding devices. 


Simplified D. C. Static Level Shifter — The 


Similar operation occurs when Va goes from high to 
low, bipolar transistors QN1, QP1 turn on MNQ, 
MP9. The feedback resets the holding devices and 
turns off the bipolar input stage. 


Appendix I/-Hl-201HS vs. STANDARD 201 


The use of a dual technology process and a creative 
design improves the performance of this analog 
switch. The following table illustrates the results of 
this combination by comparing the specification of 
the HI-201HS with the standard 201. 


It should be apparent from Table 1 the substantial 
improvement in switching speeds offered by the 
HI-201HS. But since the switch “off” time of the 
high speed switch is measured differently from the 
standard 201, a brief discussion of test methods 
will avoid any confusion. 


Figure A is a typical switching time test circuit for 
an analog switch. The “on” time is measured from 
the logic input to the 90% point of the output. 


The “off” time can be measured from the logic input 
to either the 90% or 10% point of the output. This 
variation in the “off’’ time test point is due to the 
dependence of the measurement on the load. The 
dominant component of the switch “‘off’’ time is an 
exponential RC time constant determined by the 
values of the load resistance and capacitance. The 
“off” time of the HI-201HS is measured to the 90% 
point. The RC time constant due to load is excluded 
from this measurement. The photograph included 
in Figure A is a typical HI-201HS switching time 
response. 


The remainder of table one compares other critical 
specifications of CMOS analog switches. The HI- 
201HS is not only a high speed switch but also offers 
improved performance in other areas. The para- 
meters of ‘‘on” resistance, leakage current, and charge 
injection can all contribute unwanted errors to 
system level applications. With the improvements 
shown in these areas, the HI-201HS offers potential 
improvement in system accuracy for a wide variety 
of applications. and since the HI-201HS is pin com- 
patible with existing 201’s, the high speed version 
can be plugged into existing designs for immediate 
improvement in performance. 


The HI-201HS is an improvement over the standard 
201 in many areas, but some trade-offs still exist. 
One such trade-off was the power dissipation of the 
product. In order to meet the high speed criteria, 
larger internal currents are needed which in turn 
demand increased supply current. But this apparent 
shortcoming is more than offset by the products 
performance. 
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Switching Speed 


HARRIS HARRIS 
Parameter | ___-Parameter__—'|_Temperauis | eer ewe HI-201HS H1-201 
tON 250 500ns 
tOFF 250 500ns 
ISOFF 1250 100nA 500nA 
IDOFF 1250 100nA 500nA 
Charge a 
10pc (typ) | 30pc (typ) 


Table 1. Specification Comparison: 


Leakage Current 


Power Dissipation 
Pd 


improved performance 
of HI-201HS over standard 201’s (all values are maximums 
unless stated otherwise). 


SWITCHING TEST CIRCUIT (ton, toFF) 


V+ = +15V 


DIGITAL 
INPUT 


SWITCH 
OUTPUT 
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(c) 


Figure A. Switching Time Test Circuit: (a) Switching 
test circuit, (b) Switching waveforms, (c) Typical HI-201HS 
response. 
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MICROPOWER OP AMP FAMILY HA-5141/42/44 AND HA-5151/52/54 


Russell Leath and Richard Whitehead 


Introduction 


Offering the best speed power product of any low power 
operational amplifier available, the HA-514X/515X can be 
effectively utilized in a wide variety of portable system 
applications. The features available from this family of 
devices can be easily incorporated into dictation equip- 
ment, medical monitoring systems, remote electronic 
sensors and other system designs. 


Low or Micropower? 


Actually, the HA-5141/42/44 operational amplifiers are 
micropower devices. That is, they consume microwatts of 
power (250uW typ.) as opposed to low power devices 
which consume 1 to 10mW. This exceptionally low power 
consumption however does not compromise the speed 
and flexibility of this family of amplifiers. Table 1 lists the 
speed/power relationships of some amplifiers in this 
class. The industry standard 741 was listed to show that 
HA-5141 has more speed for a fraction of the power 
consumed. A brief discussion concerning how the 
HA-514X/515X achieves this unique relationship can be 
found in the inset below. 


For highest speed for power consumed, HA-5141 is a 
factor of 10 better than the nearest device, and the 
HA-5151 is six times better than the HA-5141. 


Making the Most of Micro Amps 


To achieve high slew rate while requiring only microamps 
to operate, the HA-514X/515X designs utilizes a current 
amplifying front end. As can be seen in the simplified 
schematic under zero signal conditions, current source |} 
flows through D4 and Py while lo flows through D2 and Po. 
This flow sets up a DC bias current of lq andla throughN4 
and Nog. This bias current is slightly higher with the 
HA-515X family and therefore allow a faster response 
time. 


Under small signal conditions, the cross coupling of Nj to 
Po and No to P} establishes small signal currents iz and io 
through collectors of Ny to Po and No and P} respectively. 
This differential current (i4-i2) is similar to a standard 
differential pair and is given by; 
iq - io = gm where gm = f (hib) 

However, under large signal inputs and unlike the 
Standard differential pair, the maximum differential 
current is not limited by the DC biasing current sources. 
The maximum slewing current is limited only by the £ of 
N 4 and is orders of magnitude larger than the DC biasing 
Current. 


Part Power Slew Full Power Gain 
Number | Dissipation} Rate Bandwidth | Bandwidth 


ile 
aa 


TABLE 1. SPEED/POWER RELATIONSHIPS 


Dual or Single Suppiy 


Enhancing the micropower consumption and speed 
capabilities of the HA-514X/515xX is its ability to operate 
over a wide range of supplies. It can be operated in double 
supply mode from +15V down to +1.5V or in single mode 
from +30V down to +3V. The quiescent supply current 
remains nearly constant over the entire supply range 
making it most suitable for operation in battery powered 
systems. The HA-514X family requires only 60uA/amp, 
and the HA-515X family requires only 200uA/amp for 
typical quiescent operation. 


———- —_—_—_——— eee eee 


For a standard differential pair under large signal 
conditions the differential current is given by; 


iq - ig = 14 tanh V and i4 - igmax = 2l4 


But for the HA-514X/515X the large signal differential 
Current is; iy -io = ly(ev/vt -e-v/Vt) 

and i4-i2 increases exponentially until limited by Byy. The 
HA-514X/515X design utilizes two gain stages which 
allows for high DC gain at lower collector impedance 
levels. These lower impedance levels permit unstacked 
device design which allows for lower operating voltage 
levels. 


HA-514X/515X CURRENT AMPLIFYING FRONT END 
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Noise Parameters Also Attractive 


With rugged bipolar construction combined with the 
dielectric isolation technology, the HA-514X/515X design 
maintains noise characteristics comparable to amplifiers 
requiring much higher supply currents. The noise curves 
compare the HA-514X/515X with other amplifiers in its 
class. It is readily observed that the HA-5141 has lower 
noise components even with higher source impedances. 
With typical noise values of 23nV/,\/Hz and 0.03pA/,/ Hz 
at 1KHz this device family is very “user friendly” to the 
portable system designer. As shown, the HA-5151 has 
even lower noise. 


cece | | ALL | 


Ni LM10 (RgquACE < 1002) 


ST mail 


astilliss 
ahi: ieee 


70 


INPUT NOISE VOLTAGE -nV/V Hz 


10 100 1K 10K 100K 
FREQUENCY Hz 


NOISE CURVES COMPARING HA-5151 WITH 
OTHER AMPLIFIERS 


Other Useful Qualities 


When operated in single supply mode this family of ampli- 
fiers is capable of output voltage swings from OV to V(+) -1 
Volt while sourcing 3mA output current. Their common 


WHERE: -1<X <0 


Aj, Ag, A3, Aq = 
“4 HA-5144 


range under single supply conditions is OV to V(+) -1V. 
These qualities coupled with 60KHz full power bandwidth 
and 0.4MHz small signal bandwidth further widens 
the application range of the HA-5141/42/44. The 
HA-5151/52/54 is even more versatile with 1.3MHz small 
signal bandwidth and 95KHz full power bandwidth. 


Applications 


The flexibility and inherent qualities of the HA-514X/515X 
are most suitable for battery operated and/or low voltage 
systems such as remote electronic sensors or solar 
operated designs. The following applications are just a 
few of the many possibilities which can best utilize this 
amplifier’s capabilities. 


APPLICATION 1—REMOTE SENSOR 
LOOP TRANSMITTER 


This circuit shows amplifier Ay as a sensor amplifier in 
abridge configuration. Amplifiers Ag and Ag are confi- 
gured as a voltage to frequency converter and Aq is used 
as the transmitter. This entire sensor/transmitter can be 
powered directly from a 4 to 20mA current loop. 


The bridge configuration produces a linear output with 
respect to the changes in resistance of the sensor. The 
voltage at the output of Aj causes the integrator output Ad 
to ramp down until it crosses the comparator threshold 
voltage of Ag. A3 turns on Q4 and Qo. Qy causes the out- 
put of Ao to ramp up at a rate nearly equal to its negative 
slope while Qo provides hysteresis for the comparator. In 
addition, Qy and Qo help eliminate changes in power 
supply (loop) voltage. Amplifier Ag and Q3 are configured 
as a constant current sink which turns on when the 
comparator goes “high”. The resulting increase in loop 
current transmits the frequency of the V to F converter 
back to the control circuitry. 


REMOTE SENSOR — CURRENT LOOP TRANSMITTER 
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APPLICATION 2—CHARGE POOL POWER SUPPLY 
a a Sie Rett ls cadena stat is otal De Mall 


It is usually desirable to have the remote transmitter of a 4 
to 20mA current loop system powered directly from the 
transmission line. In some cases this is not possible due to 
high power requirements set by the remote sensor/- 
transmitter system. In these cases an alternative to the 
separate power supply is still possible. If the remote trans- 
mitter can be operated in a pulsed mode where it is active 
only long enough to perform its function, then a charge 
pool power supply can still allow the transmitter to be 
powered directly by the current loop. In this circuit a 
constant current ly is supplied to the charge pool 
Capacitor (CP) by the HA-5141 (where ly = 3mA). The 
voltage V1 continues to rise until the output of the 
HA-5141 approaches +Vs or the optional voltage limiting 
provides by Zo. The LM2931 voltage regulator supplies 
the transmitter with a stable +5V supply from the charge 
collected by CP. Available power supply current is 
determined by the duration, aliowable voltage droop on 
Cp, and required repetition rate. Example: If Vz is allowed 
to droop 4.4V and the duration of operation is Imsec, 
the available power supply current is approximately 
Ips=Cp dvV1 4.4V _ 30mA. 


—— = 68uF 
dt " imsec 


2.5V ZENER 


+5V OUTPUT 
TO LOOP 
= TRANSMITTER 


OPTIONAL 


CHARGE POOL POWER SUPPLY FOR PULSED 
LOAD 4-20mA LOOP TRANSMITTER 


The repetition rate of operation is determined by the time 
required for the 3mA constant current source to restore 
V4 to its previous value. In this example: 


4.4V 


3mA 


t = 68uF « = 100msec is required. 


APPLICATION 3—LOW POWER 
MICROPHONE AMPLIFIER 


The HA-515X op amp is very well suited for use in audio 
applications which require high gain, bandwidth and 
speed at low voltages and with low power consumption. 
Requirements such as these are usually found in battery, 
telephone line or solar powered circuits. The circuit below 
shows how the HA-5151 may be used to amplify the audio 
Signal from an Electret microphone. This circuit may be 
Operated with a single power supply voltage as low as 3V 
or as high as 40V and can provide over 25dB of gain over 
the audio frequency range. The 4.5V/ysec slew rate and 
low noise of the HA-5151 provides low distortion opera- 
tion while only consuming about 200yA of Supply current. 


0.1 uF 


ELECTRET 
MICROPHONE 


33KQ) 


3V<+< 40 
RBiAS VALUE DEPENDS ON +V VALUE 


LOW POWER MICROPHONE AMPLIFIER 
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APPLICATION 4—AGC WITH SQUELCH CONTROL 


Automatic gain control is a very useful feature ina number 
of audio amplifier circuits such as tape recorders, 
telephone speaker phones, communication systems and 
P.A. systems. The circuits shown below consists of a 
HA-5144 quad op amp and a FET transistor used as a 
voltage controlled resistor to implement an A.G.C. circuit 
with squelch control. The squelch function helps 
eliminate noise in communications systems when no 
signal is present and allows remote hands free operation 
of tape recorder systems. Amplifier Az is placed in an 
inverting gain T configuration in order to provide a fairly 
wide gain range and to keep the signal level across the 


INPUT O— 


SQUELCH CONTROL 
OF GAIN 


Vin AMPLITUDE 


R “a HA-5144 


FET small. The small signal level across the FET and the 
addition of resistors R5 and R¢ help reduce nonlinearities 
and distortion. Amplifier Ag acts as a negative peak 
detector to keep track of signal amplitude. Amplifier Ag 
may be used to amplify this peak signal if the cutoff 
voltage of the FET is higher than desired. Amplifier Aq 
acts as a comparator in the squelch control section of the 
circuit. When the signal level falls below the voltage set by 
R10 the gate of the FET is pulled low turning it off 
completely and reducing the gain to 2.4. The output Aq 
may also be used as a control signal in applications such 
as a hands free tape recorder system. 


AGC WITH SQUELCH CONTROL 


APPLICATION 5—LOW VOLTAGE 
WEIN BRIDGE OSCILLATOR 


The circuit shown to the right utilizes a HA-5152 dual op 
amp and FET to produce a low voltage, low power Wein 
Bridge sine wave oscillator. Resistors R and capacitors C 
control the frequency of oscillation while the FET, used as 
a voltage controlled resistor, maintains the gain of Ay at 
exactly 3 to sustain oscillation. The 20K pot may be used 
to vary the signal amplitude. The HA-5152 has the 
capability to operate down to +1.5V supplies and this 
circuit will produce a low distortion sine wave output 
while drawing only 400uA of supply current. 


© OUTPUT 


C = 0.0022uF 

{ = 3.62KHz 

a 
~ Tr RC 
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LOW VOLTAGE WEIN BRIDGE OSCILLATOR 
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APPLICATION 6—BAR CODE SCANNER 


The circuit shown below illustrates a method of 
interfacing a HEDS-1000 emitter-detector pair with a 
HA-5144 for use as a bar code scanner circuit. The 
HA-5144 is used as an amplifier system which converts 
the bar and space widths of the printed bar code into a 
pulse width modulated digital signal. Amplifier A is used 
to amplify the current output of the detector. The Output 
of Aj is passed to two precision peak detector circuits 
which detect the positive and negative peaks of the 
received signal. Amplifier Aq is used as a comparator 


+V =5 to I5V 


100K 


ALL DIODES 1N914 


whose reference is maintained at the midpoint of the peak 
to peak signal by resistors R5 and Rg. This provides a 
more accurate edge detection and less ambiguity in bar 
width. Amplifier As is used as an optional noise gate which 
only allows data to pass through the gate when the peak to 
peak modulation signal is larger than 1 diode drop. This 
circuit is operated by a single supply voltage with low 
power consumption which makes it ideal for battery 
operated data entry systems. 


Ve HAS144 
= A4 


BAR CODE SCANNER 


APPLICATION 7—MONOSTABLE MULTIVIBRATOR 
Sn Sechrest ethnic ln all cha cl 


The circuit below illustrates the usefulness of the 
HA-5151 as a battery powered monostable. In this circuit 
the ratio is set to .632, which allows the time constant 
equation to be reduced to: 


T = RtCt 


D2 is used to force the output to a defined state by 
clampinng the negative input at +0.6V. Triggering is set by 


Ry R2 
47KQ. 


1000pF 
et | 
TRIGGER 
INPUT 


Rt ~ 54KQ 


Ct 
1000pF 


C4, Rg, and Do. An applied trigger pulls the positive input 
below the clamp voltage (+0.6V) which causes the output 
to change state. This state is held because the negative 
input cannot “follow” the change due to Rt ¢ Ct. As can be 
seen in the photograph, this particular circuit has a Output 
pulse width set at approximately 100us. Use of 
potentiometers for Rt and varible capacitors for Ct will 
allow for a wide variation in T. 


SCALE: VERTICAL, A= 1V/DIV B = 2V/DIV 
HORIZONTAL = 50ys/DIV 


MONOSTABLE MULTIVIBRATOR 
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APPLICATION 8—AC COUPLED DYNAMIC 
AMPLIFIER 


The circuit shown below is yet another of the many ways 
to utilize the advantages of HA-5141/42/44. This circuit 
would be most useful for biomedical instrumentation and 
acts as a bandpass filter with gain. Low frequency cutoff is 
set at 10Hz while the high frequency break point is given 
by the open loop roll off characteristic of the 
HA-5141/42/44. In this case, the Ayc_ = -60dB where the 
rolloff occurs at approximately 300Hz. This corner 
frequency may be trimmed by inserting a capacitor in 
parallel with Rg. 
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(OPTIONAL FOR TRIMMING 
UPPER CUTOFF FREQUENCY) 


C 


B4uF 


A.C. COUPLED DYNAMIC AMPLIFIER (Ayc_ = -1000) 


NOTICE: information contained in application notes is intended solely for general guidance; use of the information for user's specific application is 


at user's risk. 
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A METHOD OF CALCULATING HA-2625 
GAIN BANDWIDTH PRODUCT vs. TEMPERATURE 


By: Carl Wolfe and John Prentice 


Introduction ae Im 


Sine & 2mtCc (1) 
The job of the analog circuit designer would be simplified 
if all designs were intended to operate at a constant 0 
temperature. But since this is usually not the case, the my = 8gm — 90 
majority of designs require that |.C. performance with where, 
respect to temperature be considered. Ay = magnitude of voltage gain 
A common request for analog designers using the 6y = phase of voltage gain (-90° due to Cc phase 
HA-2625 operational amplifier is information on the Gain shift) 
Bandwidth Product (GBP) vs. Temperature. The GBP is gm = transconductance magnitude of op amp 
defined as the product of the amplifier gain and input stage 
bandwidth at a specified frequency. Knowledge of this 
operational amplifier characteristic with temperature 4gm ‘= transconductance phase 
provides insight into the amplifier’s open loop frequency f = bandwidth 
response variation with temperature. Cc = compensation capacitance (includes internal 


and external capacitance) 


The following information describes a method of 


calculating HA-2625 GBP vs. Temperature. Rewriting Equation 1, the GBP can be expressed as a 
function of transconductance. 
] g 
Procedure for Computing Gap 3s hese m i 
Gain Bandwidth Product 2mCc 


A caine fj eT ae Transconductance magnitude/phase characteristics vs. 
en gc iguraHON see . ¢ 625 oF sit eee frequency and temperature are shown incurves 1 through 

shown in Figure 1. The gain of this operational amplifier 8. The GBP vs. temperature can be calculated by using 

over its intermediate frequency range can be expressed Equation 2 and the given transconductance data. 

by Equation 1. 


As an example, let’s calculate the variation of GBP over 
the temperature range of +25°9C to +75°0C. The operating 
frequency is given to be 100KHz and the external 
compensation capacitor is 50pF. 


Before applying equation 2, both the transconductance 
magnitude and compensation capacitance values must 
be determined. Referring to curve 2, the transconduc- 


TRANSCONDUCTANCE 


AMPLIFIER C HIGH INPUT tance magnitude for an ambient temperature of +250C 
J IMPEDANCE BUFFER and an operating frequency of 100KHz is 3.2 x 10-3 mmho. 
COMPENSATION 
CAPACITOR The compensation capacitance value represents total 
Capacitance. Therefore, in addition to the external 
BENEFITS Capacitor component value, Cc should include an 
¢ MORE TEMPERATURE-STABLE THAN MILLER internal device capacitance of 3pF plus 5pF to account for 
INTEGRATOR TYPES fixture capacitance. 

¢ AVAILABILITY OF HIGH IMPEDANCE INPUT So by using values of gm = 3.2 x 10-3 mmho and Co= 

FOR OUTPUT LIMITING 50 + 2+ 5 = 57pF, the GBP is computed as follows: 

3.2 x 10-3 
FIGURE 1. TYPICAL HARRIS OP AMP CONFIGURATION GBP == = 8.94MHz 


2m (57 x 10712) 
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Next, the transconductance gain at +75°C (Curve 4) is The above method applies only for the intermediate 
determined to be 2.85 x 10-3 and, by applying Equation2 frequencies of the op amp since the gain becomes load 


once again, the calculation is: 


GBP = 


dependent at both frequency extremes. This is due to the 


9.85 x 10-3 impedance of the op amp output stage being less than 


2m (57 x 10712) 


= 7.96MHz that of Cc at very high or very low frequencies. 


The variation of GBP vs. temperature for this example is: Finally, the transconductance curves provided are based 


Curve 1 


Curve 2 


Curve 3 


8 


TRANSCONDUCTANCE MAGNITUDE (mmho) TRANSCONDUCTANCE MAGNITUDE (mmho) 


TRANSCONDUCTANCE MAGNITUDE (mmho) 


on experimental data and should be considered as 


94 - 7. typical. 
94 - 7.96 - 40.9% yp 
8.94 


TTT TN 


a i 
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FREQUENCY (Hz) 
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TRANSCONDUCTANCE MAGNITUDE vs. FREQUENCY Ta = 0°C 
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4.0 
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TRANSCONDUCTANCE MAGNITUDE vs. FREQUENCY Ta = +50°C 
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Curve 4 


Curve 5 


Curve 6 


PHASE (DEGREE) TRANSCONDUCTANCE MAGNITUDE (mmho) 
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105 106 107 
FREQUENCY (Hz) 


TRANSCONDUCTANCE MAGNITUDE vs. FREQUENCY Ta = +75°C 
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A DESIGNERS GUIDE FOR THE HA-5033 VIDEO BUFFER 


Carl Wolfe 


Introduction 


Harris Semiconductor is an industry leader in the high 
speed, wideband, monolithic operational amplifier 
market. Due to the high performance of Harris pro- 
ducts, designers in the more specialized areas of elec- 
tronics have shown interest in utilizing these products 
in their applications. One such area is video design. In 
an effort to address this market, Harris has introduced 
the HA-5033 video buffer. 


This paper will discuss the HA-5033 design and pro- 
vide additional performance characteristics not shown 
in the data sheet. 


HA-5033 Description 


The HA-5033 is a unity gain monolithic I.C. designed 
for any application requiring a fast wideband buffer. A 
voltage follower by design, this product is optimized 
for high speed 509 and 750 coaxial cable driver appli- 
cations common in color video systems. 


Critical performance characteristics are summarized 
in Table 1. Outstanding differential phase/gain charac- 
teristics combined with an output current Capability of 
+100mA makes the HA-5033 an excellent choice for the 
line driver applications required in video circuit design. 


PARAMETER 


Input Offset Voltage 
Input Bias Current 
Differential Phase 
Differential Gain 
Slew Rate (+15V) 
Output Current 
Bandwidth (small signal) 
Bandwidth (Vin = 1 Vams) 
Supply Current 


TABLE 1. HA-5033 SPECIFICATIONS: Ta = +250C; 
+Vsuppry = +12V (UNLESS OTHERWISE SHOWN) 


Other features, which include a minimum slew rate of 
1000V/us, make the HA-5033 useful in high speed A/D 
data conversion and sample/hold circuits. 


The HA-5033 is offered in two package configurations, 
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the T0-8 metal can and the 8 pin epoxy Mini-Dip. The 
pinouts for each package are illustrated in Figure 1. 


TOP VIEWS 
v+ 41] 18 | OUT 
NC | 2) NC 
nc {3 | : 6 | SUBSTRATE 
IN 14 | 5 | v- 
METAL CAN PACKAGE MINI-DIP 


FIGURE 1. HA-5033 PINOUTS: T0-8 METAL CAN-PIN COM- 
PATIBLE WITH THE LH0033 HYBRID. 8 PIN MINI-DIP - FAB- 
RICATED USING A COPPER LEAD FRAME. ADVANTAGES 
INCLUDE EXCELLENT THERMAL CHARACTERISTICS 
AND BOARD SPACE SAVINGS. 


The high performance of this product (summarized in 
Table 1) is the result of the Harris High Frequency 
Dielectric Isolation Process. A major feature of this 
process is that it provides both PNP and NPN high fre- 
quency transistors which make wide bandwidth de- 
Signs, such as the HA-5033, practical. 


A Closer Look 


Most manufacturer's data sheets provide a schematic 
diagram and depending upon the complexity of the 
product, this schematic may be comprehensive or pos- 
sibly a simplified version. Schematics are a visual 
means of presenting information, ranging from relia- 
bility data, such as transistor counts, to circuit informa- 
tion for circuit analysis or computer simulation. But the 
most important reason for the schematic is to commu- 
nicate to the customer the internal structure of the pro- 
duct and therefore, some insight into its operation. 


At first glance, a schematic may appear as nothing 
more than a collection of resistors and transistors. But 
upon closer examination, particular areas of operation 
should become evident. Using the HA-5033 as an ex- 
ample (Figure 2), it will be shown that the HA-5033 con- 
sists of a signal path, bias network, and performance 
optimization circuitry. 
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BIASING 


SLEW ENHANCEMENT 


SIGNAL PATH 


FIGURE 2. HA-5033 SCHEMATIC: VIDEO BUFFER DESIGN CONSISTS OF THREE OPERATING AREAS; 
SIGNALPATH, BIAS NETWORK AND PERFORMANCE OPTIMIZATION CIRCUITRY. 


Signal buffering is accomplished by cascading two 
emitter followers. In order to achieve symmetrical posi- 
tive and negative output drive capability, two pairs are 
paralleled. The first pair consists of Q1 and Q4 for posi- 
tive drive while the second pair Q2, Q3, provide nega- 
tive drive. The emitter resistors of Q1, Q2 ensure stabil- 
ity with respect to load resistance, enhance differential 
phase/gain performance, and stabilize the quiescent 
operating point. This signal path has been high-lighted 
on the schematic. 


The bias circuitry consists primarily of the diode-bias- 
ing located on the left portion of the schematic along 
with transistors Q5, Q6. This circuitry ensures the de- 
signed performance of the other active elements. 


The performance optimization circuits are a slew en- 
hancement circuit and a bias network buffer circuit. 
The transistors Q7, Q8, Q9 and Q10 are for slew en- 
hancement. If the input voltage exceeds the output by 


OUTPUT VOLTAGE (Vas) 


1M 10M 
FREQUENCY (Hz) 


OUTPUT VOLTAGE (VRms) 


one Vee, Q7 will turn on Q10, which in turn provides 
extra base drive to Q1. Similary, Q9 will supply extra 
base drive to Q2. 


Transistors Q11, Q12, Q13 and Q14 prevent high fre- 
quency or transient signals from affecting the bias cir- 
cuitry. This prevents Cog multiplication of current 
sources Q5 and Q6, which also improves differential 
gain/phase performance. 


Note that output current limiting was not designed into 
the HA-5033. If there is a possiblity of the output being 
shorted to ground or the supplies, external current lim- 
iting will be necessary. 


Any designer interested in using the HA-5033 should 
be aware of a characteristic related to output transistor 
operation. As the data sheet performance curves (re- 
produced in Figure 3) show, the output swing is a func- 
tion of frequency. These curves show the point at 


FREQUENCY (Hz) 


FIGURE 3. OUTPUT SWING VS. FREQUENCY PERFORMANCE CURVES: CURVES SHOW POINT OF OBSERVA- 
BLE DISTORTION FOR GIVEN FREQUENCY. OPERATION BEYOND THE CURVES SHOWN WILL APPROACH CONDI- 
TIONS WHERE OUTPUT TRANSISTORS ARE SIMULTANEOUSLY ON. THE RESULTING INCREASE IN CHIP TEM- 


PERATURE WILL LEAD TO THERMAL RUNAWAY. 
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which observable distortion occurs for a given fre- FpB = 8SV/US _ 5 eu, 

quency. However, if the signal amplitude, signal fre- 277(5V) 

quency or both are increased beyond the Curves 

shown, thermal “runaway” will occur. This is due to So the estimated frequency of thermal runaway for the 
both the NPN and PNP output transistors approaching given conditions is 2.6MHz. Measurements in the lab 
a condition of being simultaneously on. This condition resulted in a thermal runaway frequency equal to 
has been computer simulated and the results are 2.5MHz. 


shown in Figure 4. | 
Although the FPB relationship gives the designer a 


x10-2 OUTPUT NPN ON OUTPUT PNP ON 


LIN (VE ere rey. 
EN eae 
AERA 
es ae ee ee LO, 


0.0 1.0 


CURRENT(A) 


2.0 


x19-6 Law illustrated in Figure 5. 


TIME (s) * + SUPPLY CURRENT 
(a) Vpeak = 5V, Ry = 100 4- SUPPLY CURRENT Where: 
Pdmax = Power Dissipated (Ppo + Pac), Watts 
$e ees Tj = Maximum Junction Temperature, 0C 


Ta = Ambient Temperature, °C 
- §-c = Junction to Case Thermal Resistance, 


S °C/W - 
z Oc-s = Case to Heat Sink Thermal Resistance, 
5 °C/W 
6s-a = Heat Sink to Ambient Therma! Resistance, 
-C/W 
3.0 Tj 

TIME (s) * +SUPPLY CURRENT 

(b) Vpeak = 7V, Ry = 100 A - SUPPLY CURRENT 


FIGURE 4. OUTPUT TRANSISTOR COMPUTER SIMULA - 
TION RESULTS 


Pdmax 


This condition occurs if the frequency of the analog 
signed does not allow sufficient time for the output 
PNP transistor to turn off. The frequency which causes 
this “push-push” output Stage can be determined by 6-5 
using the following relationship, 


Full Power Bandwidth (FPB) => : 
27Vp FIGURE 5. THERMAL ANALOG OF OHMS LAW: SEMICON. 
Where: DUCTOR /HEAT SINK SYSTEM 
SR = Slew Rate 
Vp = Analog Signal Peak Voltage In this thermal system, current is replaced by power, 
voltage by temperature, and electrica| resistance by 
Therefore, the designer can determine the approxi- thermal resistance. By using Figure 5, the following ex- 
mate frequency of thermal runaway by supplying the pression is derived, 
peak analog voltage and measu ring the buffer slew rate T, “ : 
for a particular application. Pamax:= bs aS. 


Gj-c + Oc-s + As-a 
For example, the slew rate for the HA-5033 with a load 


of Ri =1K ohmand C_ = 1000pFwas measured to be83 This expression allows the designer to determine the 
V/uS. The FPB for a 5V peak analog signal was cal- maximum power dissipation of a semiconductor/heat 
culated, sink system. 
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method of estimating the frequency of thermal runa- 
way, it is recommended that the HA-5033 be Operated 
to the left of the curves shown in Figure 3. Heat sinking 
the buffer will not prevent this condition from occuring. 


The purpose of heat sinking a semiconductor is to 
maintain the device junction temperature below a spe- 
cified maximum limit. This is a thermal problem and 
can be evaluated using the thermal analog of Ohms 
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The expression for the semiconductor in free air is, 
Paging 2h Timonnst TA 
6j-a 


In order to make use of these expressions, the follow- 
ing information is required. 6, and Timax, from the 
semiconductor manufacturer and 6,¢., and 65-4, from 
the heat sink manufacturer. 


For the Harris HA-5033, the maximum junction temper- 
ature is Timax = 200°C. The thermal impedances for the 
HA-5033 in the TO-8 metal can package are 6j-¢ = 
31°C/W and 6j-a = 99°C/W. The epoxy mini-dip ther- 
mal impedances are 6j-c = 27°C/W and 6j-g = 90°C/W. 


Recommended heat sinks for the HA-5033 in the T0-8 
metal can package are the Thermalloy 2240A1 and 
IERC-UP-T08-51CB2 (base), IERC-UP-C7 (top). Ther- 
mal impedances are 6s-a = 279C/W and 6s.,=10°C/W, 
respectively. 6¢-s is dependent upon the type of insula- 
tor or thermal joint compound used. Both products are 
two piece heat sinks, but differ in design. 


By using the given product information and supplying 
an operating ambient temperature, the designer can 
determine the maximum power the system will dissi- 
pate and not exceed the maximum junction tempera- 
ture. 


For example, Figure 6 shows the maximum power dis- 
sipation for the HA-5033 in a TO-8 metal can package to 
be 1.75W at 25°C. 
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FIGURE 6. HA-5033 MAXIMUM POWER DISSIPATION VS 
AMBIENT TEMPERATURE: FREE AIR 


The maximum power dissipation of the HA-5033/ 
2240A heat sink system is calculated to be, 


200-25 _ 3.01W 
+27 


Pamax = 
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Therefore, the HA-5033 used with the Thermalloy 
2240A can dissipate 3.0W at 25°C and not exceed the 
maximum junction temperature of 200°C. 


The power dissipation limits shown in Figure 6 and 
those determined with the heat sink apply for both 
quiescent and load related power. Therefore, 


Pamax > Poco + Pac 
Poc (+V)(+1) + (-V)(-l) 
Pac (1/T)o/T v(t) i(t) dt 


Video Performance 


The images which appear on your television picture 
tube are created by a process called scanning’. Scan- 
ning is a method of recreating the optical image of a 
scene one line at atime. Referring to Figure 7a, an elec- 
tron beam moves or “scans” from left to right and 
quickly returns to a position below its starting spot. 
This process continues until the bottom of the picture 
is reached and the beam returns to the original top left 
hand position. This method is called sequential scan- 
ning. 
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FIGURE 7. SCANNING SEQUENCE 
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Incorporated into present television broadcast stan- 
dards is a technique called interlaced scanning. Inter- 
laced scanning recreates the scene by providing two 
half scans. As shown in Figure 7b, the first scan traces 
out the odd numbered lines, the second scan fills in the 
even numbered lines. This technique avoids the flicker 
problem and excessive bandwidths required for similar 


picture definition using sequential scanning. 


The United States NTSC (National Television Systems 
Committee) broadcast standard is a 525 line standard. 
Each scan consists of 262% lines. The first scan is 
known as field one, the second, field two. Therefore, 


the complete picture consists of two fields. 
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FIGURE 8. MULTIBURST SIGNAL (FIELD 1, LINE 17) AL- 
LOWS FREQUENCY RESPONSE CHECKS 
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FIGURE 10. COMPOSITE SIGNAL (FIELD 1, AND 2, LINE 18) 
DESIGNED FOR GAIN AND TIME DELAY TESTS 
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The first 21 lines of each field are blank. Those lines are 
left open and are not used to broadcast video informa- 
tion. Instead, these lines contain other important infor- 
mation, such as sync pulses, data transmission, and 
test signals. The test signals contained in these lines 
are called the Vertical Interval Test Signals (VITS)4.5, 
which allows real-time monitoring of the television 
broadcast signal quality. These test signals were used 
to evaluate the video performance of the HA-5033. 


Four test signals are commonly used in the vertical in- 
terval. They are the multiburst, color bar, composite 
and vertical interval reference. These test signals are 
shown in Figures 8 through 11. 
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FIGURE 9. COLOR BAR (FIELD 2, LINE 17) ENABLES MONI- 
TORING OF COLOR TRANSMISSION QUALITY 
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FIGURE 11. VERTICAL INTERVAL REFERENCE SIGNAL 


(FIELD 1 AND 2, LINE 19) PROVIDES COLOR AND GAIN RE- 
FERENCES 
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Each test signal was created to allow various distor- 
tions to be measured without interfering with the nor- 
mal video transmission. These signal distortions which 
exist in television systems are defined as linear or non- 
linear. Non-linear distortion, such as differential phase 
and gain, vary with the amplitude of the picture signal. 
Linear distortions, usually dependent upon frequency 
response, are independent of signal level. For example, 
the multiburst test signal is very useful for frequency 


response checks, where as the composite signal con- 


tains signals for checking gain error. 


Determining the HA-5033’s performance level with 
respect to the NTSC standard required the definition of 
a measurement method. Test equipment was needed 
that would produce the necessary NTSC test signals 
and also monitor the device under test performance. 
The test configuration, shown in Figure 12 consisted of 
a Tektronix 149A NTSC& generator and Marconi TF 
2914A video analyzer’. 


VIDEO PARAMETER 


Chrominance to Luminance Gain Inequality 


Chrominance to Luminance Delay 


Differential Gain 


Color Reference Burst Amplitude 


VERTICAL INTERVAL TEST SIGNAL USED 


Ea 


Luminance Bar Amplitude Luminance Bar, Composite Signal (Fig. 10) 
Sync Amplitude | Sync Pulse, Composite Signal (Fig. 10) 
2T Pulse to Bar Ratio 2T Pulse/Luminance Bar, Composite Signal (Fig. 10) 


Chrominance Component Amplitude of the 12.5T Pulse and Lu- 


minan 


ce Bar Amplitude, Composite Signal (Fig. 10) 


Time Difference of Chrominance and Luminance Components 
of the 12.5T Pulse, Composite Signal (Fig. 10) 


Luminance Non-Linearity Largest and Smallest Step Amplitude of the Modulated Step 
Staircase, Composite Signal (Fig. 10) 
Signal to Noise Ratio Luminance Bar Level to Noise Voltage, Composite Signal 
(Fig. 10) 
Chrominance to Luminance Crosstalk Chrominance Component of 3 Step Modulated Pedestal and 
Luminance Bar, Multiburst Signal (Fig. 8) 
Low Frequency Error Amplitude of Low Frequency Signals 


Bar Tilt Difference of Luminance Bar Amplitude, Composite Signal 
(Fig. 10) 


2T K Factor 2T Pulse, Composite Signal (Fig. 10) 


Amplitude Deviation of Modulated Step Staircase, Composite 
Signal (Fig. 10) 


Differential Phase Phase Deviation of Modulated Step Staircase, Composite Sig- 
nal (Fig. 10) 


Luminance Amplitude, Multiburst Signal (Fig. 8) 
Multiburst 1-6 Amplitude of Each Frequency Burst, Multiburst Signal (Fig. 8) 


Color Burst Amplitude, Multiburst Signal (Fig. 8) 
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*TEKTRONIX 1910 NTSC DIGITAL 
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FIGURE 12. HA-5033 NTSC PERFORMANCE TEST CON- 
FIGURATION 


The TF 2914A has the capability of measuring 24 sepa- 
rate video parameters. Other advantages include direct 
readout and much more accuracy than possible using 
scope methods. Table 2 lists the video parameters 
tested on the HA-5033 along with the particular VITS 
utilized by the TF 2914A. 


TABLE 2. TF 2914A VIDEO MEASUREMENT PARAMETERS 
REFERRED TO VERTICAL INTERVAL TEST SIGNALS 


APPLICATION 


NOTES 
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Since the TF 2914A measurement includes any inac- 
Curacies of the NTSC signal generator, a “delta” mea- 
surement was neccesary. The NTSC generator was 
connected directly to the analyzer and the results re- 
corded. Next, the HA-5033 was inserted and the results 


Luminance Bar Amplitude 
Sync Amplitude 
2T Pulse to Bar Ratio 


Luminance Non-Linearity 
Signal-to-Noise Ratio 


Low Frequency Error 
Bar Tilt 

2T K Factor 

Differential Gain 

Differential Phase 

Flag 

Multiburst 1 Amplitude 
Multiburst 2 Amplitude 
Multiburst 3 Amplitude 
Multiburst 4 Amplitude 
Multiburst 5 Amplitude 
Multiburst 6 Amplitude 

Color Reference Burst Amplitude 


VIDEO PARAMETER 


Chrominance to Luminance Gain Inequality 
Chrominance to Luminance Delay 


Chrominance to Luminance Crosstalk 


recorded. The difference between the two readings 
was considered the actual HA-5033 performance. Ta- 
ble 3 lists the video performance results of the HA- 
5033. 


TABLE 3. HA-5033 NTSC VIDEO PERFORMANCE 


* IEEE Standard 205-1958 defines the levels of television video signal in terms of IRE units. 


100 IRE units = 0.714V, P-P 


Applying The HA-5033 


The most important consideration when designing 
with the HA-5033 is layout. The wide bandwidth of the 
buffer necessitates that high frequency layout proce- 
dures be followed. Recommended procedures include 
the use of a ground plane, minimization of all lead 
lengths, avoiding sockets, and proper power supply 
decoupling. 


Standard practice in RF/Video layout is the use of a 
ground plane. A ground plane minimizes distributed 
circuit capacitance and inductance which degrade 
high frequency performance. The ground plane can 
also incorporate the metal case of the HA-5033, since 
pin #2 is internally tied to package. This feature allows 
the user to make contact between the ground plane 
and the package which extends shielding, provides ad- 
ditional heat sinking and eliminates the use of a socket. 
IC sockets contribute bandwidth limiting interlead ca- 
pacitance and should be avoided. 
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For the epoxy mini-dip, additional heatsinking can be 
derived from soldering the no connection pins #2, 3, 
and 7 to the ground plane. Also, pin #6 can be tied to 
either supply, grounded or left open. But to optimize 
device performance and improve isolation, it is recom- 
mended that this pin be grounded. 


Another method of enhancing device performance is 
power supply decoupling. For the HA-5033, it is recom- 
mended that the positive and negative power supplies 
be bypassed with capacitors to ground. Ceramic capa- 
citors ranging in value from .01 to .1 wF will minimize 
high frequency variations in supply voltage. Solid tan- 
talum capacitors 1uF or larger will optimize low fre- 
quency performance. It is also recommended that the 
bypass capacitors be connected as close to the HA- 
5033 as possible, preferably directly to the Supply pins. 


Finally, keeping all lead lengths as short as possible 
will minimize distributed capacitance and reduce 
board space. It is essential that the guidelines dis- 
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cussed above be followed to avoid marginal perfor- 
mance. 


Another consideration when applying the HA-5033 is 
load capacitance. Although the HA-5033 is designed to 
handle load capacitance values up to .01yF, it has a 
worst case stability region in the area of 50pF. The com- 
puter simulation of the HA-5033 frequency response in 
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Figure 13 illustrates the gain peaking which occurs in © 


the 150MHz region. 


There are three suggested methods of dealing with this 
particular characteristic of the HA-5033. Isolating the 
load capacitance from the buffer output is the object of 
the first method. This is accomplished by placing a 
series resistor between the output and the load. 


Wh Wane Se 


108 109 


FREQUENCY (Hz) 


FIGURE 13. COMPUTER SIMULATION OF HA- 5033 GAIN CHARACTERISTICS 
VS FREQUENCY AND LOAD CAPACITANCE 


A second technique utilizes the HA-5033 frequency 
response with respect to load capacitance. Referring 
once again to Figure 13, notice that the gain peaking is 
removed with additional load capacitance. This is the 
basis of method two, adding additional load capaci- 
tance to approach a region of stability. 


A drawback to adding more load capacitance is that 
the buffer’s dynamic characteristic will degrade and 
bandwidth performance will be less than data sheet 
specifications. The third method solves this trade-off 
’ by using a “bootstrap” technique of adding capaci- 
tance from input to output. This method achieves sta- 


MAGNITUDE - SIEMENS* 


FREQUENCY Hz 


*SIEMENS = 2-1 


PHASE ANGLE - DEGREES 


bility without sacrificing performance. 


An explanation of why adding capacitance will stabil- 
ize the HA-5033 can be found in the Y parameter data 
shown in Figure 14. The expression for the buffer gain 
in terms of Y parameter is: 


Ay = VOUT .» “oq 
VIN Yoo+ YL 


Y21 = Forward Transmittance 
Y22 = Output Admittance 
XL Load Admittance 


i 


1 
FREQUENCY - Hz 


FIGURE 14. HA-5033 Y PARAMETER DATA 
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Notice that the load admittance, Y22, phase becomes 
inductive (-jY_ = -90°) at high frequency. So if the load, 
Y_, is capacitive (+jY¢ = +90°) and the sum of Yoo + Y, 
become small, peaking occurs. Adding additional ca- 
pacitance changes the effective phase angle and peak- 
ing can be reduced. 


Using the HA-5033 as the analog input buffer of aflash 
converter is an example of application where the sug- 
gested stabilization methods are useful. Although its 
been stressed to keep all distributed capacitance to a 
minimum to optimize device operation, the load which 
a flash converter presents to the buffer represents a 
greater concern. 


Flash or parallel converters are a special case, since 
the analog input circuit must drive a non-linear input 
impedance8. This non-linearity is due to the potential 
input impedance changes of the 255 parallel compara- 
tors which comprise the converter analog input. In ad- 


CONVERT 


DIGITAL 
OUTPUT 


BUFFER 
OUTPUT 


CONVERT 


DIGITAL 
OUTPUT 


BUFFER 
OUTPUT 


dition to the non-linearity, the input Capacitance of 
these converters tends to be relatively large, 100-300pF. 


Example of the various stabilization methods tested 
with the TWR 1007 8 bit video flash converter are 
shown in Figure 15. Figure 15a illustrates the series re- 
sistor method. 15b is the load capacitance method and 
15c is the bootstrap method. Photographs of the ex per- 
imental results show the analog input sampling con- 
vert signal (pin 30), the MSB digital output (D1 pin 40), 
and the buffer output (converter input). 


It is recommended that a complete evaluation for each 
method be conducted to determine the optimum com- 
ponent values. The value of the series resistor will de- 
pend upon the input capacitance of the particular con- 
verter used. A suggested starting value is 50ohms. With 
the capacitance methods, the distributed capacitance 
of the layout will affect component values. These ex- 
perimental results were obtained using C = 240pf. 


VRM] 47 


TRW 
TDC-10075 


D7 D6 DS > D4 D3 D2 D1 
= (MsB) 
— 


TRW 
TOC-1007) 


07 06 D5 > D403 02 D1 
= (MSB) 


NL 


FIGURE 15b. LOAD CAPACITANCE METHOD 
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FIGURE 15c. BOOTSTRAP CAPACITANCE METHOD 


The signal levels in most video applications are 1V p-p 
or less. Although the HA-5033 was shown with +15V 
power supplies in the converter applications, lower 
power supplies will accommodate these video signal 
levels. For example, at +5V power supplies, the HA- 
5033 can swing +2V into a 75 ohm load. 


The HA-5033 is an excellent high speed line device 
capable of driving 50 ohm and 75 ohm coaxial cable. 


VIN 


Volt — 


POSITIVE PULSE RESPONSE 


These type of drive requirements are common in video - 


circuit design. Figures 15 and 16 illustrate two typical 
application examples. Figure 15 is an example of a50 
ohm system using the HA-5033 alone. Rp, matches the 
buffer output impedance to the cables characteristic 
impedance. Depending upon the response required, 
this resistor may not be necessary. If used, the output 
voltage will be one half the input voltage. 


NEGATIVE PULSE RESPONSE 


Ta = 250C Ta = 25°C 
Rs = 5022 Rs = 5022 
Ru = Ry = 5022 Re = Ry = 502 
Ri +m L+Rmu 


FIGURE 15. VIDEO COAXIAL LINE DRIVER - 50 OHM SYSTEM 
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INPUT Ry 
O 


VIDEO 
755) OUTPUT 


FIGURE 16. VIDEO GAIN BLOCK 
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Figure 16 illustrates the use of the buffer within the 
feedback loop of an operational amplifier. This con- 
figuration provides additional output current capabil- 
ity for the HA-2539 op amp and gives the designer vol- 
tage gain control. 


Another application which utilizes the HA-5033's out- 
put drive capability is the high speed sample and hold 
circuit shown in Figure 17. The input buffer provides 
drive current to the hold capacitor while the output buf- 
fer functions as a data line driver. The switching ele- 
ment in this application is the HI-201HS high speed 
CMOS switch which contributes it’s own benefits to the 
application9. Depending upon the application require- 
ments, using the HA-5033 as the output buffer in Figure 
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17a may not be acceptable. Lab tests have shown that 
the input bias current of the HA-5033 becomes a factor 
for low values of hold capacitance (< .01yuF) du ring the 
hold mode. 


A solution is to add a low bias current F.E.T. input 
Stage, as shown in Figure 17b. Q1 acts as a voltage fol- 
lower and Q2 is a current source. Matching Q1, Q2 and 
R1, R2 are important considerations in order to minim- 
ize offset voltages. 


S/H 


(a) 


Vout 
Q} Q2 - 2N5564 


(b) 


FIGURE 17a. HIGH SPEED SAMPLE/HOLD (b) MODIFIED 
OUTPUT BUFFER 


When the drive capability of the HA-5033 is insuffi- 


cient, consider adding an external output stage. Figure 
18a illustrates an example where a push-pull comple- 
mentary output stage has been added to the HA-5033. 
Although unable to drive the low impedances of speak- 
ers, typically 4-8 ohm, the buffer can be used to drive 
audio output transistors. A variation of this configura- 
tion is shown in Figure 18b, where separate buffers in- 
dividually drive each transistor base. A low noise input 
stage is provided by the HA-5102. 


Ry (SPEAKER) 


(a) 


VquT 


Ri (SPEAKER) 


(b) 
FIGURE 18. AUDIO DRIVERS 


A common method of achieving an audio oscillator cir- 
Cuit is to use a transistor or IC amplifier with LC or RC 
feedback. An alternative technique of generating sinu- 
soidal waveforms, using the HA-5033, is shown in Fi- 
gure 19. Crystal oscillators offer improved frequen- 
cy stability over time and temperature. This particu- 
lar oscillator configuration'!® produces an 18.18 MHz, 
2.8V,., sinusoidal waveform into a 1K ohm load. 


© OUTPUT 


FIGURE 19. CRYSTAL OSCILLATOR: +V = +15V, C1 = 12pF, 
C2 = 39pF, 18MHz QUARTZ CRYSTAL 


Conclusion 


The HA-5033 is a high performance integrated circuit 
presently being utilized in a wide variety of applica- 
tions. This paper has provided additional information 
to aid designers in applying the HA-5033 video buffer 
in future applications. 
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USING THE HA-2541 


Alan W. Hansford 


Introduction 


In response to an industry wide need for a faster, unity 
gain stable, monolithic operational amplifier, Harris 
Semiconductor has designed and manufactured the 
HA-2541 device. 


This fully differential op amp has an unprecedented set of 
dynamic parameters which should be most useful for 
demanding designs in video, data acquisition, robotics, 
and RF systems. These devices’ capabilities may also be 
utilized when existing systems must be upgraded or 
modified for additional performance. 


The HA-2541’s outstanding features inciude 90ns settling 
time, 250V/us slew rate, and 40MHz unity gain bandwidth, 
which until recently, could only be achieved through 
hybrid configurations. 


The applications information which follows, points in the 
direction where a vast number of application circuits 
await the HA-2541. 


Prototyping 


As with any high performance device, care should be 
taken in prototyping so as not to undermine the perfor- 
mance characteristics of the HA-2541. Several simple do’s 
and don'ts should avoid most design problems. Standard 
high frequency layout techniques are strongly recom- 
mended in order to gain the full benefit of the HA-2541’'s 
capabilities. The first is proper mounting of the HA-2541 
through a ground plane. Since sockets tend to extend the 
lead length and increase parasitic capacitance, they are 
not recommended. If sockets must be used, Teflon types 
are preferred. The mounting of the feedback components 
should be as close as practical to the HA-2541 and on 
Teflon standoffs. 


The wide bandwidth of the HA-2541 makes it prone to 
unwanted high frequency poles if large value feedback 
resistors are used (10K ohms). This calls for low value film 
type resistors. Actual component values may depend 
heavily on layout implementation. It is therefore sug- 
gested that early prototyping be done to verify the quality 
of operation and to optimize component values. Addition- 
ally, power supply decoupling as close to the power pins 
as possible, is recommended. 


Thermal Considerations 
(Also Refer to Application Note 556) 


In order to achieve the 250V/usec slew rate that the 
HA-2541 is capable of, a high quiescent power level was 


needed. This, along with the high output capacity of the 
HA-2541, means that the package must dissipate a large 
amount of heat. 


The device’s junction temperature upper limit is 175°C. 
This places a restriction on the power output at elavated 
ambient temperatures. The charts below mark the accept- 
able region of operation with and without a heat sink 
(Thermalloy 2240A or 5602B are acceptable units and the 
ones used in the construction of the charts). The curves 
assume proper installation including the use of heat con- 
ductive compounds to facilitate the energy transfer. 


CHART 1. TO-8 METAL CAN (HA2-2541-X) 


MAXIMUM 
POWER DISSIPATION 


125 
AMBIENT TEMPERATURE (°C) 


NOTE: For maintaining maximum junction temperatures below +1759C, 
derate at 15.2mW/°C beyond +68°C ambient. 
CHART 2. 14 PIN DIP PACKAGE (HA1-2541-X) 


MAXIMUM 
POWER DISSIPATION 
2.0 


Oja = 919C/W 


Gic = 369C/W 


HEAT SINK 
AAVID7¢5602B 
Osa = 150C/W 


25 50 75 100 
AMBIENT TEMPERATURE (0C) 


For maintaining maximum junction temperatures below +1759C, 
derate at 11.0mW/°C beyond +25°C ambient. 
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Performance Enhancements 


The HA-2541, like any other high performance device, has 
certain design features, which give the HA-2541 its excel- 
lent wideband performance. Although the HA-2541 has 
been laser trimmed to minimize offset voltage, an external 
potentiometer connection has been provided to reduce 
this even more. Figure 1 illustrates the suggested offset 
adjustment. 


The input DC performance is improved by the use of bal- 
anced input impedances on the two input terminals of the 
device. Figure 2 illustrates this technique which greatly 
reduces any effects caused by the input offset currents. 


The input signal can be given even more isolation from the 
effects of input bias currents with the use of FET buffered 
inputs as shown in Figure 3. The reduction of the input 
bias currents is quite large, which makes the FET 
HA-2541 combination an excellent choice for low current 
applications such as atomic particle detectors (radiation 
counter circuitry). 


Applications 


The HA-2541 is a very versatile device with applications in 
nearly every area of its bandwidth. Perhaps one of the best 
ways to gain some familiarity with the part is by examining 
its use in some of the more straightforward applications. 
The Wein Bridge oscillator in Figure 4 is just such an ap- 
plication. 


The HA-2541 is well suited for use as the heart of an oscil- 
lator circuit. In spite of the rudimentary diode limiting 
provided by R3-R7 and Dy & D2, a good quality sine wave 
of 40MHz is readily attainable with an upper limit of 
50MHz which exceeds the unity gain bandwidth of the 
HA-2541. 


R4C3 and RoCo provide the required regenerative feed- 
back needed for adequate frequency stability. In theory 
the feedback network requires a gain of three to sustain 
oscillation. However, the practical gain needed is just over 
three and is provided for by Rg and Rg. 


*Offset Adjustment Range Is Approximately + 8mV for RT = SKQ. 
FIGURE 1. SUGGESTED METHOD FOR NULLING Vos 


FIGURE 2. MINIMIZING THE EFFECTS OF OFFSET CURRENT ° 


*Value should be 
determined experimentally 
for optimum performance. 


FIGURE 3. BUFFERING THE HA-2541 INPUTS WITH FETS. 
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FIGURE 4. 40MHz WEIN BRIDGE OSCILLATOR 
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High power amplifiers and buffers are in use in a wide 
variety of applications. Many times the “high power” 
capability is needed to drive large capacitive loads as well 
as low value resistive loads. In both cases the final driver 
Stage is usually a power transistor of some type, but 
because of their inherently low gain, several stages of pre- 
drivers are often required. The HA-2541, with its 10mA 
output rating, is powerful enough to drive a power transis- 
tor without additional stages of current amplification. 
This capability is well demonstrated with the high power 
buffer circuit in Figure 5. 


The HA-2541 acts as the pre-driver to the output power 
transistor. Together, they form a unity gain buffer with the 
ability to drive three 50 ohm coaxial cables in parallel, 
each with a capacitance of 2000pF. The total combined 
load is 16.6 ohms and 6000pF capacitance. 


Video 


One of the primary uses of the HA-2541 is in the area of 
video applications. These applications include signal 
construction, synchronization addition and removal, as 
well as signal modification. A wide bandwidth device such 
as the HA-2541 is well suited for use in this class of 
amplifier. This, however, is amore involved group of ap- 
plications than ordinary amplifier applications since 
video signals contain precise DC levels which must be re- 
tained. 


The addition of a clamping circuit restores DC levels at 
the output of an amplifier stage. The simple form of the 


532pt 


circuit is shown in Figure 6A with a capacitor and analog 
switch added to the inverting amplifier configuration. The 
switch closes during a certain portion of the incoming 
signal. This causes the capacitor to charge to a value 
which represents the OV reference of the input waveform. 
The shorting action of the switch causes the output of the 
HA-2541 to go to OV during the OV reference of the input 
signal. 


This simple amplifier/clamping circuit has several draw- 
backs. The largest is the drain on the holding capacitor by 
the input bias currents of the HA-2541, with the resulting 
change in the reference voltage. This condition is easily 
addressed with the use of an HA-5320 sample and hold. 
The low output impedance of the sample and hold can 
easily provide the required input bias current for the 
HA-2541 without draining the holding capacitor. The 
result is a constant DC reference between the scan lines 
of the video signal. 


The second drawback of the simple amplifier/clamp 
results from the color synchronization information being 
transmitted along with the 0 Volt DC reference level. By 
closing the analog switch, the color burst is passed 
through the low impedance capacitor to ground and con- 
sequently lost. This situation is remedied by placing a 
3.57MHz trap in series with the analog switch and holding 
capacitor. This will block the color burst signal and allow 
it to be passed to the output as an amplified signal. Figure 
6B shows both the “trap” and the sample and hold refer- 
ence additions to the simple amplifier with DC restore. 


LOAD 16.61); 6000 pF 
OR 
12.50); 6000pF 


FIGURE 5. DRIVING POWER TRANSISTORS TO GAIN ADDITIONAL CURRENT BOOSTING 
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FIGURE 6A. SIMPLE DC RESTORER 
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FIGURE 6B. IMPROVED VIDEO DC RESTORER 
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The amplifier designs to this point work with the full video 
signal or the “composite” signal. The HA-2541 has several 
applications one stage back, in the construction of the 
composite signal itself. 


The composite video signal has several components 
which must be combined to create the final waveform. 
One that has already been used is the 0 volt reference and 
the color burst combination. Two others are the hori- 
zontal synchronization pulse and the video picture 
information. 


3.57MHz 
TRAP 


The circuit in Figure 7 is a traditional summing amplifier 
configuration with the addition of the now familiar DC 
clamping circuit. The operation is quite simple in that 
each component (synchronization, color burst, picture 
information, etc.) of the composite video signal is applied 
to its own input terminal of the amplifier. These combine 
algebraically and form the composite signal at the output. 
The clamping circuit (if used) restores the 0 volt reference 
of the composite signal. 


FIGURE 7. SUMMING AMPLIFIER FOR COMPOSITE VIDEO PLUS CLAMPING CIRCUIT 


One drawback resulting from the algebraic addition of the 
input waveforms is the requirement that each input 
component exist only during the period that it is needed in 
the composite signal. An example of this is the color burst 
which can be present at its input terminal only during its 
portion of the composite signal since no gating circuitry is 
available. 


The multiplexer circuit in Figure 8 can be used for video 
signal construction by gating each component through to 
the HA-2541 as it is required. The inherent channel sepa- 
ration of the multiplexer allows each component of the 
composite signal to be continuously present at the input. 
This has several important implications. The first is that 
the duration of each component of the signal is precisely 
controlled by a digital timing chain (which can be easily 
reproduced at remote locations with high precision). 
Second, the only analog signals needed are the color 
burst and the picture information. All reference signals 
such as the horizontal synchronization, the O volt 
reference, and the previously unmentioned vertical 
synchronization signals can be simulated with accurate 
DC references. These are gated, along with the other 
components, to form the composite video signal. 


An extension of the multiplexed signal construction 
technique is a type of signal modification. When several 
cameras are used together without a common synchroni- 
zation signal, they are not easily combined for special 
effects and switching. A solution to this problem would be 
to strip the synchronization pulses off of each of the in- 
coming camera waveforms and apply a new common 
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synchronization pulse. The new pulse will enable switch- 
ing equipment to combine the separate signals for 
whatever effect is needed. 


It should be noted that widely varying horizontal speeds 
may necessitate the use of analog delay chains with the 
synchronization technique. This will produce pictures of 
compatible quality and proportion (vertical speed is more 
constant and contains a dead zone for any differences, 
vertical retrace). 
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FIGURE 8. MULTIPLEXING WITH HA-2541 
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The multiplexer system used for video signal construction 

has other applications of interest. The concept of combin- ei a 2.4K 
ing several channels into one can be reversed to form a 
demultiplexer, where the function is to take several com- 


bined channels and separate them into their original form. 
This type of application can be implemented to solve 
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some well-known industrial problems. HA-5320 ii 
The multiplexer/demultiplexer scheme is readily adapted Bee . ee 


The wide bandwidth of the HA-2541 coupled with its high _—- 
830p! 


Output rating make it an excellent component of multi- 

plexed data systems. Several schemes of signal switching 

can be used at the multiplexer end of the system. The 

HI-5051 switch is well suited for this application espe- 

cially in the differential configuration shown in Figure 8. es 
The charge injection due to switching channels in and out \ 
of the circuit is minimized in this differential mode. A reset 
pulse aligns the system synchronization and provides the 
basis for channel separation in the demultiplexer section. 
As the channels are sequentially placed at the HA-2541 in- 
put, they are transmitted to the demultiplexer circuit. In 
Figure 9 the HA-5320 sample and hold acts as a buffer for 
each channel and provide a reference source when the 
other channels are being addressed. Another plus in this FIGURE 9. DEMULTIPLEXING WITH HA-2541 
demultiplexer circuit is the capability of “de-glitching” the 
information by simply shifting the clocking rate so as to 
place all channels in the hold mode during the presence of 


tion a very large number of sensors are able to 

communicate with the controller over extended distances HA-5320 

through a single coaxial line. From 
eae as 2.4K 
=p > 


830p! 


to the industrial remote controller system where several e 
sensors must communicate over transmission lines to the 830pt 
controller. With the multiplexer/demultiplexer configura- * 
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input spikes. 
Write Amplifier nee 
The recent proliferation of industrial and computerized as Msaisleas 


equipment containing programmable memory has in- ; 
creased the need for reliable recording media. The y 
magnetic tape medium is presently one of the most widely 
used methods. The primary component of any magnetic = 
recording mechanism is the “write” mechanism. In sup- 

port of this area the circuit of Figure 10 is presented. 


The concept of the write generator is very basic. The digi- 
tal input causes both a change in the output amplitude as 
well as a change in frequency. This type of operation is 
accomplished by altering the value of a resistor in the 
standard twin tee oscillator. An HI-201 analog switch was 
used to facilitate the switching action. The effect of the ex- 
ternal components on the feedback network requires Rea de 

and R6p to be much smaller than would normally have 

been expected when using the twin tee feedback scheme. FIGURE 10. USING HA-2541 AS A WRITE AMPLIFIER 
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The output seen in the photograph of Figure 11 is limited 
with the aid of Dj, Da and R4-R7. This is aided by fixing 
the gain of the amplifier to just over three with Rg and Rg. 


5V PER 


DIGITAL 
INPUT DIVISION 
2us PER 
DIVISION 
ANALOG §& 2V PER 
SIGNAL & DIVISION 


FIGURE 11. DIGITALLY CONTROLLED OUTPUT OF 
WRITE AMPLIFIERS 


Composite Amplifier 


The wide bandwidth of the HA-2541 can be used to extend 
the dynamic range of other useful but frequency limited 
amplifiers. The HA-5170 is an excellent example of this 
adaptation. The precision DC characteristic of the 
HA-5170 are augmented by the bandwidth of the 
HA-2541. This produces a composite amplifier which ap- 
proximates the DC performance of the HA-5170 and the 
frequency range of the HA-2541. 


The circuit in Figure 12 has been optimized for operation 
in the neighborhood of 15MHz. Optimization is quite 
simple and is accomplished largely through Ca. If alower 
frequency region of operation is desired, an additional 
capacitor, Co, will give greater flexibility in the choice of 
component values. 


HI-200 SWITCHES 


FIGURE 13. A GAIN PROGRAMMABLE HA-2541 
Programmable Amplifier 


Often a circuit will be called upon to perform several func- 
tions. In these situations the variable gain configuration of References 


z 
‘e) 

Figure 13 may be quite useful. This programmable gain Fi 

stage depends on CMOS analog switches to alter the 1. William L. Hughes, “Television Fundamentals and O65 

amount of feedback and thereby the gain of the stage. Standards” Electronic Engineers Handbook ed. rag 

Placement of the switching elements inside relatively low Bonald G. Fink (McGraw-Hill, 1975) p. 20-3. S 

current area of the feedback loop, minimizes the effects of 

bias currents and switch resistance on the calculated gain 2. Thermalloy Semiconductor Accessories Catalog, 

of the stage. Voltage spikes may occur during the switch- Thermalloy Inc. Dallas, Texas. 

ing process, resulting in temporarily reduced gain be- 

cause of the make-before-break operation of the 3. Arthur B. Williams, “Designers Handbook of Integrated 

switches. This can be minimized by providing a separate Circuits.” (McGraw-Hill, 1984) pps. 1-10, 1-27. 


voltage divider network for each switched gain. 
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USING THE HA-2542 


Richard A. Whitehead 


Introduction 


In the multi-faceted electronics industry, there are many 
circuit applications which require the capabilities of two 
or more types of operational amplifiers in the same loca- 
tion. To fulfill this need, design engineers are usually 
challenged with fabricating a discrete amplifier design or 
selecting an expensive hybrid amplifier which appears to 
be an “ALL-IN-ONE” type of amplifier. 


The Harris HA-2542 is a state of the art monolithic device 
which also approaches the “ALL-IN-ONE” amplifier con- 
cept. This device features an outstanding set of AC para- 
meters augmented by excellent output drive capability 
providing for suitable application in both high speed and 
high output drive circuits. 


Offset voltage nulling and bandwidth controls add flexi- 
bility when the HA-2542 is used in performance-tailored 
applications. 


Primarily intended to be used in balanced 50 and 750 
coaxial cable systems as a driver, the HA-2542 could also 
be used as a power booster in audio systems as well as a 
power amp in power supply circuits. This device would 
also be suitable as a small DC motor driver. 


Prototyping Guidelines 


For best overall performance in any application, it is rec- 
ommended that high frequency layout techniques be 
used. This should include: 1) mounting the device 
through a ground plane: 2) connecting unused pins to the 
ground plane: 3) mounting feedback components on Tef- 
lon standoffs and/or locating these components as close 
to the device as possible; 4) placing power supply 
decoupling capacitors from device supply pins to ground. 


As a result of speed and bandwidth optimization, the 
HA-2542’s case potential, when powered-up is equal to 
the V- potential. Therefore, contact with other circuitry or 
ground should be avoided. 


Heat Sinking (A\so Refer to Application Note 556) 


To drive heavy loads found in typical coaxial cable 
systems, the HA-2542 may require heat sinking to avoid 
exceeding its maximum junction temperature (+175°C). 
Figure 1 shows maximum power dissipation curves der- 
ived for the HA-2542 with and without the recommended 
heat sink. Should another type of heat sink be used, then 
the following expression should be used to determine 
maximum power dissipation. 


TO-8 METAL CAN (HA2-2542-X) 


MAXIMUM 
POWER DISSIPATION 


25 125 
abla tamehatine net 


NOTE: For maintaining maximum junction temperatures below +175°C, 
derate at 16.4mW/°C beyond +75°C ambient 


14 PIN DIP PACKAGE (HA1-2542-X) 


MAXIMUM 
POWER DISSIPATION 
2.5 


(WATTS) 


Oja = 880C/W 
6 jc = 3400/0 


0.8 
HEAT SINK 
AAVID##56028 
Osa = 150C/W 


25 50 75 100 125 
AMBIENT TEMPERATURE (0C) 


NOTE: For maintaining maximum junction temperatures below +175°C, 
derate at 11.4mW/°C beyond +25°C ambient. 


FIGURE 1. HA-2542 MAXIMUM POWER DISSIPATION 
CURVES 
Pdmax = __Timax TA 
6j-c * 9c-s * Os-a 
Where: Tjmax = maximum junction temperature of 
the device 
Ta = Ambient 
6j-c = Junction to case thermal resistance 
§c¢-s = Case to heat sink thermal resistance 


§s-a = Heat sink to ambient thermal resistance 
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Performance Enhancements 


DC errors can be reduced and AC stability increased by 
recommended adjustments to the control points made 
available in the HA-2542 device. The suggested method 
for nulling the offset voltage of HA-2542 is shown in Fig- 
ure 2, while Figure 3 suggests the method for controlling 
the bandwidth. Figure 4 shows normalized AC parameters 
versus Compensation capacitance. Experimental results 
indicated that approximately 17pF was necessary to sta- 
bilize the HA-2542 for unity gain operation. 


*OFFSET ADJUSTMENT RANGE |S 
APPROXIMATELY +15mV FOR Rr = 5K). 


FIGURE 2. SUGGESTED OFFSET VOLTAGE ADJUSTMENT 


FIGURE 3. SUGGESTED METHOD FOR INCREASING 
AC STABILITY 


NORMALIZED 
AC PARAMETERS 


Ss 
BANOWIDTH SS 


phat sed 
is ee 


COMPENSATION CAPACITANCE - pF 
FIGURE 4. NORMALIZED AC PARAMETERS 


For best high frequency performance, feedback resistor 
values should be restricted to minimal values. Values be- 
low 5KQ. are recommended to reduce possibilities of in- 
troducing unwanted poles into the application's transfer 
function. Figure 5 indicates how high values for closed 
loop gain can be implemented, while maintaining feed- 
back element values. This method is called “T network” 
feedback and values for the resistors can be derived from 
the following expression. 
_ _k2 
R1= &e-2R 


Where: R¢ is the value of feedback resistance to be re- 
duced and R is a value preselected by the designer. 


R2 


i o- 


asa ; Rp - 2R 


WHERE R IS PRESELECTED AND Re 
IS DESIRED FEEDBACK RESISTOR VALUE. 


FIGURE 5. KEEPING FEEDBACK VALUES LOW 


Utilizing some relatively familiar techniques, the input 
bias currents of the HA-2542 can be sharply reduced. Fig- 
ure 6 employs discrete FETs to provide input bias cur- 
rents in the pA range without appreciably diminishing the 
AC performance. 


| 
; 

! 
easy 
=m 
am 


*Rbi AND Rpg SHOULD BE 
DETERMINED EXPERIMENTALLY FOR BEST RESULTS. 


FIGURE 6. USING DISCRETE FETs TO REDUCE THE 
HA-2542’s INPUT BIAS CURRENT 


Composite amplifiers are hybrid “marriages” between 
precision and wideband operational amplifiers. Using the 
HA-2542 as the AC device in the composite amplifier 
shown in Figure 7 provides an additional dimension to its 


1K 2K 


APPLICATION 
NOTES 


FIGURE 7. COMPOSITE AMPLIFIER CIRCUIT REDUCES 
DC ERRORS 
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capabilities. Now, the hybrid represents a precision type, 
high speed, wideband, power amplifier. 


In this circuit, high frequency amplification tasks are 
performed by the HA-2542 and are set by combination 
R4-C 3. The HA-5170 acts as the DC amplifier providing 
precision type input parameters while cascading its DC 
gain with that of the HA-2542. This cascade of gains 
develops very high loop gain for the composite amplifier. 


Applications 


Most attractive to the video system designer is the HA- 
2542's combination of speed, bandwidth, and output drive 
capability. Augmenting these features are much desired 
differential gain and phase specifications of 0.1% and 0.2 
degrees respectively. Previously these parameters could 
only be provided by hybrid or discrete component circuit- 


tae HA-2542 
REMOTE 750 > 
CAMERA 
INPUTS _ 
750 
7520 
ie) @ e 
—a +5V 
TO DIGITAL 
CONTROLLER 


FIGURE 9. DRIVING UNBALANCED COAXIAL CABLES 


10-130 


ry. A primary application which fully utilizes these fea- 
tures is the coaxial cable driver. 


The configuration shown in Figure 8 represents a simple 
multi-channel security system. The HA-2542 is being 
operated at a closed loop gain of 2 and is driving a 
balanced coaxial line system which appears as a 500 
load. The signal throughput from the multiplexer input to 
the coaxial outputs is 1. Experimental results showed that 
coaxial line lengths could exceed 100 feet without ad- 
versely affecting video signal quality. 


HA-2542 is capable of 2Vp-p signals to 16MWHz in this con- 
figuration. Resistor Rp is used to trim overall system gain 
to prevent color saturation if the cameras and monitors 
are color types. The controller to the multiplexer could be 
one of several variations including remote, remote wired, 
or automatically time sequenced. 


7 
“Oy 
ae 


750 
160 7S E TO MONITORS, 
eo RECORDERS, ETC. 
750 
+ 3 
ae. 
750 


FIGURE 8. MULTI-CHANNEL SECURITY SYSTEM 


The HA-2542 is equally at home driving unbalanced co- 
xial lines as shown in Figure 9. The system gain is 2 and, 
depending on cable length, compensation capacitance 
may be necessary to provide additional stability. In this 
configuration, the HA-2542 can delivery 10Vp-p signals at 
frequencies above 8MHz. For this application, power re- 
quirements will usually necessitate the use of heat sinking 
for the HA-2542. 


Another video type application requiring an op amp with 
excellent speed and output drive is the analog input driver 
of a flash converter circuit. Figure 10 shows the HA-2542 
buffering the input of an 8-bit flash converter. Because of 
the heavy input capacitance (100pF - 300pF) and high 
number of individual internal comparator inputs (255), the 
impedance of the input is non-linear. A typical high speed 
op amp used in this configuration would exhibit oscilla- 
tion tendencies regardless of compensation and isolation 
techniques used. The photograph shown in Figure 10 in- 
dicates that the HA-2542 is very stable in this application. 
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+5V -5V 


HA-2542 


TRW 
TOC - 10075 


FIGURE 10. DRIVING THE NON-LINEAR INPUT IMPEDANCE OF FLASH CONVERTERS 


Power Supply 


The HA-2542 with its excellent output current could also 
be used as apower source in DC power supply systems. In 
Figure 11, a simplified digitally programmable power 
supply is shown which utilizes the high output current 
capabilities of the HA-2542. Combination R1-Ro sets the 
gain of the amplifier, while VREF and the “weighted” resis- 
tor ladder permit the HI-201 to perform digital selection of 
the voltage to be used. 


FIGURE 11. DIGITALLY PROGRAMMABLE POWER SUPPLY 


Audio 


In studio quality audio systems, the HA-2542 could be 
readily used in driver applications such as a speaker 
driver. Figure 12 shows a method which increases the 
power capability of a drive system for audio speakers. In 
this circuit two HA-2542s are used to operate on half 
cycles only, which greatly increases their power handling 
capability. “Bridging” the speaker as shown makes 
200mA of output current available to drive the load. The 
HA-5102 is used as an AC coupled, low noise, pre- 
amplifier which drives the bridge circuit. 
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(ONE INPUT SHOWN) 


uF 


HA-2542 


SPEAKER 81 


FIGURE 12. BRIDGE LOAD DRIVE FOR AUDIO CIRCUITS 


Another variation of the bridged load type circuit is shown 
in Figure 13a. In this circuit the load voltage is increased 
by a factor of 4. The HA-2542s are connected in a manner 
such that the output voltages will be equal in amplitude 
and opposite in phase. This circuit can also be used to 
drive long lengths of twisted shielded pair cable. 


Boosting Output Current 


If the excellent output current of the HA-2542 requires 
boosting because of extreme loading, then the con- 
figuration shown in Figure 13b could be used. In this cir- 
cuit, the HA-2542 drives the high power transistor stage 
and provides circuit gain. With the power transistors 
shown, the output drive is increased to several amps. 
Speed and power bandwidth have not been appreciably 
affected. Boosting the output current to these higher 
levels provides for additional implementation into DC mo- 
tor drive or bridge transducer drive circuits. 
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VoUT2 = -2Vin 


Vout, = 2Yin 
Vout; ~ Youts = 4¥in 


FIGURE 13A. DIFFERENTIAL CIRCUIT FOR LINE DRIVING 


The output drive capability of the HA-2542 is highly 
suitable for direct drive applications of small DC motors 
and, since it is an operational amplifier, it can also perform 
the function of motor speed control. This type of closed 
loop system can be found throughout the robotics and 
media recording industries. 


The system shown in Figure 14 consists of the HA-2542, 
a small 12V DC motor, and a position encoder. During 


+5V 


12V0C 
PANCAKE 
TYPE 


52 


2N5876 


2N5878 


52. 


FIGURE 13B. DRIVER STAGE FOR HIGH POWER 
TRANSISTORS 


operation, the encoder causes a series of “constant 
width” pulses to charge Cy. The integrated pulses 
develop a reference voltage which is proportional to 
motor speed and is applied to the inverting input of 
HA-2542. The non-inverting input is held at a constant 


‘voltage which represents the desired motor speed. A 


difference between these two inputs will send a corrected 
drive signal to the motor which completes the speed con- 
trol system loop. 


+5 +5 +5 


3K 3K 
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FIGURE 14. CONTROLLING DC MOTOR SPEED WITH HA-2542 
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HA-5147/37/27, ULTRA LOW NOISE AMPLIFIERS 


Harris Analog 


By Alan Hansford 


Introduction 


Engineers interested in precision signal processing will 
find the HA-51X7, with its unique features, very interest- 
ing. Utilizing an advanced design with special device 
geometries, the HA-51X7 has moved the Harris dielectric 
process into a new arena of both speed and precision. 
Perhaps one of the most remarkable features of the 
HA-51X7 is its ultra low noise performance, which makes 
it the first monolithic amplifier to combine speed, preci- 
sion, and ultra low noise operation (Figure 1). 


To realize this device, intense attention was given to the 
“total” design from input to output (Figure 2). 


The input stage consists of a cross-coupled differential 
pair which provides a very high CMRR (125dB) through 
the use of CASCODE circuits. Effective use of the bias 
current cancellation scheme also keeps the bias currents 
to a mere 10nA. With laser trimming of the load resistors 
R1 and R2, the offset voltage is kept below 25uV at 25°C. 
The entire input stage has been optimized for low noise 
operation and is largely responsible for the amplifier’s 
ultra low noise voltage of 3.0nV/,/Hz @ 1KHz. Low fre- 
quency noise, on the other hand, is particularly important 
in DC applications and the HA-5147’s 2.7Hz lower noise 
corner will prove quite beneficial for many users. 


PRECISION 
HA-5137 


Vos 25uV 
Vos DRIFT 1pV/mo. 
Vos TEMPCO 0.2,V/C 
Ibias +10nA 

los t7nA 
NOISE VOLTAGE 3.0nV/VHz 
NOISE CURRENT 0.4pA/\/Hz 
OPEN LOOP GAIN 1.8V/uV 
CMRR 126dB 
PSRR 120dB 
GAIN BANDWIDTH 63MHz 
SLEW RATE 17V us 
POWER BANDWIDTH 270KHz 


POWER CONSUMPTION 90mW 


FIGURE 1. 
The HA-5147 combines the qualities of precision Op Amps with those of the wideband speed category. 


The loading on R1 and R2 is kept to a minimum through 
the use of emitter followers between the input stage and 
the second differential pair. C4 provides a feedforward 
path around the second stage at high frequencies and 
feeds into the level shifter and current mirror section. This 
portion of the design provides a differential to single- 
ended conversion and relies on C2 to tailor the rolloff of 
the second stage. Two vertically-constructed PNP tran- 
sistors within the level shifter dramatically increase the 
frequency response of the amplifier compared to that of 
other construction techniques. 


Emitter followers in the fourth stage reduce the capacitive 
loading effects of C1 by providing a separate driver for C1 
and the output stage. The output stage here is a high 
speed buffer that employs complementary transistors as 
well as short circuit protection. 


The high performance features of the HA-5147 have quite 
clearly moved this device closer to the “ideal” than any 
other amplifier in its class. Yet, with some simple external 
components, this device can be positioned even closer to 
the “ideal.” An offset nulling potentiometer can reduce 
Vos (Figure 3a), while the already hefty output stage 
(lout = 2OmAmin) can be boosted without reducing the ex- 
cellent speed and bandwidth characteristics (Figure 3b). 


HA-5147 
PRECISION 
WIDEBAND 


WIDEBAND 
HA-2620 


25uV 4mvV 
1pV/mo. 10uV/mo. 
0.6uV/C 5uV/C 
+8nA t1nA 
+10nA +1nA 
3.0nV/\/Hz. 16nV/\/Hz 
0.4pA/\/Hz 1.6pA/\/Hz 
1.8V/uV 0.15V/uV 
125dB 100dB 
130dB 90dB 
120MHz 100MHz 
37V ius 35V/us 
560KHz 550KHz 


85mW 90mW 
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LEVEL 
SHIFTERS 


EMITTER 
FOLLOWERS 
OuTPuT 


FIGURE 2. 
Intense attention was given to the “total” design from inputs to output. 


+15 


INPUTS 
OUTPUT 


FIGURE 3a. 
Nulling the HA-5147’'s offset voltage to 0 volts brings it closer to “ideal” 


Low Noise Design 


Since the HA-51X7 is a very low noise operational ampli- 
fier, low noise design techniques must be used to make 
the most of this feature. There are two primary means of 
keeping noise down, one requires the amplifier inputs to 
look into low source resistances and the other requires 
bandwidth limiting by filtering. A short outline of noise 
prediction will be presented here to support these 
concepts. 


Noise can be divided into several categories, which in- 
clude thermal noise (white noise) and flicker noise (pink 
noise or 1/f noise). The feedback components are 
strongly dominated by thermal noise making thermal 
noise the most important of these from a system design 
Standpoint (an exception to this are high gain DC ampili- 
fiers which require low 1/f noise as measured by the noise 
corner). Flicker noise is more a function of the amplifier 
construction quality, and system design variations are 
less effective in reducing this type of noise. 

Noise is usually rated in one of two ways. The first is RMS 
voltage or current (a measure of peak-to-peak noise in a 
given bandwidth) and the second is by noise density 
spectrum in V/\/Hz and A/JHz (a measure of the spectral 
content of the noise in the frequency domain). The two 
rating schemes are related, with RMS noise levels 
generated from the integration of the noise density 
spectrum over a desired frequency bandwidth. 


Ay = 1+R¢/Rj >10 


FIGURE 3b. 
The HA-5147's output current can be boosted to +100mA by using the 
HA-5033. AC performance is not affected. 


As an illustration of noise prediction, the noise density for 
the standard inverting amplifier configuration (Figure 4a) 
will be determined. The total noise is derived from the 
combination of several noise sources, only three of which 
are of any significance. These are the amplifier’s noise 
voltage, the thermal noise of the feedback components, 
and the noise generated by the current noise of the ampli- 
fier within the feedback components. 


The total noise is defined as the square root of the sum of 
the squares of the individual noise terms. 


- 2 
En =G (Eamp)* *(E feedback Te ( current noise in 


network feedback network 


En = total noise 
G = gain of stage 
Eamp = amplifier noise voltage........ 3.0nNV/\/ Hz @ f > 1KHz 


Efeedback = V 4KTReq where... K = 1.381E-23 
network T = 300 
Req = RI | Ry 
E current noise in ~ 'noise Req 


f k Ry 
eedback networ Incise = 0.4pA/VHz @ f > 1KHz 


Or more specifically ... 


En=G V (Eamp)? + Reg4KT + (Inoise Req)? 
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DC BIAS CURRENTS 
OPTIMIZED IF 
Reg = R|| Re = Re 


FIGURE 4. NOISE PREDICTION CIRCUITS 
A reasonable estimate of noise levels can be generated with these two 
basic amplifier circuits. 


Both the amplifier noise voltage and noise current are 
constant above 1KHz and rise slightly for lower fre- 
quencies (Figure 5). The resistor thermal noise is derived 
from the parallel combination of the feedback network 
(Req) and several constants (4KT). The third noise term 
again uses the equivalent resistance of the feedback net- 
work (Req) as well as the current noise generated at the 
input terminals of the amplifier. 


It should be evident from the above formula that ex- 
tremely large values of Reg (especially over 10Kohm) will 
dominate the noise density while low values for Reg will 
yield to the amplifiers own noise characteristics. Note 
the asyptotic convergence of the noise voltages in Figures 
3a-3c at low values of Reg. 


A second circuit (Figure 4b) balances the effects of input 
bias currents by placing a resistor Rc, equal to Reg, bet- 
ween the non-inverting input and ground. While reducing 
DC errors, this configuration adds two additional terms to 
the noise formula. 
En a (Eamp)* tf Reg4KT 7 (Inoise Req)? 

+ Ro 4KT + (Inoise Re)? 


The original contributors to output noise remain as before 
and the additional terms represent the thermal con- 
tribution by Rg and the associated amplifier current 
noise seen through that resistor. To optimize DC design, 
Rin ! Rt = Reg = Rc, therefore the noise density equation 
reduces to... 


En=G (Eamp)2 + 2Req4KT + 2(Inoise Req)? 


Again the relationship between large values of Reg anda 
high noise density spectrum remains. 


To 
BEA AGEN 
0 
B00 00 
0 AK 
ST CnC 
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10 


VOLTAGE NOISE nV/VHz 


FREQUENCY — Hz 


FIGURE 5. HA-5147 NOISE CHARACTERISTICS 
The HA-5147’s exceptional noise characteristics may be used to improve 
existing and new high quality audio systems. HA-5127 and HA-5137 have 
identical noise characteristics. 
RMS noise is derived in part as the integral of the noise 
density spectrum over a given bandwidth. Below is the 
complete expression... 


ZH//V4 3SION LN3YHND 


2 df 


Erms (from fo to f+) = 


noise 
density 
spectrum 


fo 

The strict integration assuming En is constant works well 
for fo above = 1KHz. Both the amplifier’s noise voltage 
and the noise current increase for frequencies below 
1KHz. This makes for difficult integration since comp- 
licated expressions for Inoise and Eamp must be 
generated. To avoid this problem, graphical integration 
techniques or sampled methods can be used with great 
SUCCESS. 


The curves in Figures 6a-6c illustrate the relationship 
between the RMS noise and Reg for both amplifier de- 
signs. It should be apparent from the predicted RMS noise 
curves that increased bandwidth causes an increase in 
noise voltage. An interesting effect of this relationship is 
that only absolute bandwidth (f1-fg) is important. The 
general frequencies of interest (if they are above 1KHz) 
are irrelevant. More simply, 100Hz of bandwidth near 
10KHz contains as much noise as 100Hz of bandwidth 
near 1MHz. This implies that bandwidth should be res- 
tricted with appropriate high and low pass filtering, if the 
lowest noise voltages are to be attained. 


From the previous discussion, it is apparent that low noise 
designs require low resistor values. This is not to say that 
high gain should be avoided, just that low input and 
source resistance values are required for low noise opera- 
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FIGURE 6a. PREDICTED NOISE 
Predicted RMS noise at output for bandwidth of 10KHz - 500KHz for HA-5147. 
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FIGURE 6b. PREDICTED NOISE 
Predicted RMS noise at output for bandwidth of 20Hz - 20KHz for HA-5147. 


*VALUE CHOSEN TO 
PROVIDE ADEQUATE 
OC BIAS CURRENT 


FOR THIS CIRCUIT: 


USE 0.1% METAL FILM RESISTORS. 


R2 CAN BE MADE ADJUSTABLE. 


R7 


FIGURE 7. INSTRUMENTATION AMPLIFIER 
Thanks to higher speed and more bandwidth, this standard three amplifier 
instrumentation amplifier will have 1OMHz bandwidth and 550KHz power 
bandwidth. 


tion. Closer examination of the RMS noise formula will 
also show that limiting bandwith, with filtering, will also 
reduce noise levels. Additionally, metal film and wire- 
wound resistors have lower excess noise (a component of 
resistor noise in addition to thermal noise) than carbon 
resistors and are therefore preferred. 


Applications 


Heavily used throughout the world of signal processing is 
the instrumentation amplifier and it is this particular cir- 


FOR BEST CMRR MATCH R4/R6 AND RS/R7. 


100 u Vrms 


104 Vims 


1uVims 


O.1uVims 


Reg oF Reg * Re 


FIGURE 6c. PREDICTED NOISE 
Predicted RMS noise at output for bandwidth of 10Hz - 100Hz for HA-5147. 


FREQUENCY — Hz 


FIGURE 8. HA-5147 CMRR VS. FREQUENCY 
The instrumentation amplifiers maximum CMRR can now be moved to 
much higher frequencies when using the HA-5147. 


cuit that can best utilize all of the features of the HA-5147. 
By using the HA-5147, the standard 3 amplifier in- 
strumentation circuit (Figure 7) is now able to extend its 
bandwidth to 10MHz or its power bandwidth to 500KHz. 
Additionally, the maximum CMRR (>120dB) is extended 
to higher frequencies (Figure 8). Other “error producing” 
input referred parameters of the HA-5147 such as noise, 
Vos, Ibias, Vos drift and temperature coefficients have 
been minimized, thus maximizing the capabilities of this 
application. 
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Rf 


Eo = Vref (1+R¢/Rj) 5/4 


FIGURE 9. LOW LEVEL BRIDGE AMPLIFIER 
Very small bridge signals are sensed and amplified accurately when using 
the precision performance of the HA-5147 


Another circuit requiring very accurate amplification of its 
signal is the transducer bridge amplifier (Figure 9). The 
HA-5147, shown in an inverting bridge amplifier con- 
figuration, is recommended when it is necessary to detect 
very small bridge level signals. Its high open loop gain 
(>120dB), low noise, and excellent values for Vos, Vos 
drift, and bias current provide exceptional sensitivity to 
the smallest transducer variations. Full scale calibration 
of this circuit is made possible by placing a small valued 
potentiometer in series with Rj. Nulling is accomplished 


with R2. 
Rf 
Rj 
2 
Ay = -R¢/Rj 

O Ay = 1+R¢/Rj 
TRANSDUCER 
INPUTS Rf 

Rj 
R¢ ~ 


R 
O 
Ay = Rf1/R1 - R¢/R 
R1 


R¢l 


The high slew rate (37V/us) and the excellent output cur- 
rent drive (t20mA min.) make HA-5147 highly suitable as 
an input output buffer amplifier for analog multiplexers 
(Figure 10). The precision input characteristics of the 
HA-5147 help simplify system “error budgets” while its 
speed and drive capabilities provide fast charging of the 
multiplexer’s output capacitance. This eliminates any in- 
creased multiplexer acquisition time, which can be 
induced by more limited amplifiers. The HA-5147 
accurately transfers information to the next stage while 
effectively reducing any loading effects on the multiplex- 
er’s Output. 


Staying within the realm of signal processing, another 
standard and much used circuit configuration can be 
enhanced by the speed and precision of the HA-5147. A 
precision threshold detector (Figure 11) requires low 
noise, low and stable offset voltage, high open loop gain, 
and high speed. These requirements are met by the 
HA-5147, while adding excellent CMRR and PSRR to the 
list. The standard variations of this circuit can easily be 
implemented using the HA-5147. For example, hysteresis 
can be generated by adding R11 to provide asmall amount 
of positive feedback. The circuit becomes a pulse width 
modulator if Vref and the input signal are left to vary. 
Although the output drive capability of this device is ex- 
cellent, the optional buffering circuit may be used to drive 
heavier loads while preventing loading effects on the 
amplifier. 


ANALOG MUX 


O O O 
ADDRESS INPUTS 


MINIMUM 
AMPLIFIER STABLE GAIN SLEW RATE 


10 35 
5 20 
1 10 


FIGURE 10. HIGH SPEED INPUT/OUTPUT ANALOG MULTIPLEXER BUFFERING 
Reduced “error” budgets and higher speeds of operation are easily achieved when the combined speed and 
precision of the HA-51X7 are used in these buffer amplifier applications. 
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*INPUT RESISTORS NECESSARY IF DIFFERENTIAL 
INPUT VOLTAGE EXCEEDS +1V. 


R* 
Vref O 


SIG. IN O 


R1 
(OPTIONAL FOR HYSTERESIS) 


OPTIONAL OUTPUT 
BUFFERING CIRCUIT 


FIGURE 11. PRECISION THRESHOLD DETECTOR 


This device can be used to increase response times while maintaining 
precise detection. 


Engineers working with professional audio designs will 
find the HA-5147 highly desirable for many of their appli- 
cations. With its exceptional noise characteristics (Figure 
5), wide power bandwidth (S500KHz), and modest power 
consumption (85mW), this device can be used as a high 
quality audio preamplifier or as an intermediate stage 
gain block. A circuit similar to that in Figure 3b can be in- 
corporated into studio or stage monitors. 


The audio preamplifier of Figure 3b has a limited output 
current range. The audio power amplifier in Figure 12 
overcomes this limitation and can provide an even greater 
boost to the HA-5147. Q1 and Q2 are a complementary 
pair arranged in a push pull manner, with R1 and R2 pro- 
viding the necessary drive current. The maximum output 
voltage corresponds to the minimum output current since 


(15-Vbe-Vo)/R1 


is the drive current to the transistors. D1 and D2insure the 
proper biasing of the transistors as well as a clean cross- 
over from Q1 to Q2. 


FIGURE 12. HIGH POWER AMPLIFIER 
The additional drive capability of the power transistors allows the HA-5147 
to drive very heavy loads. 


*DC BLOCKING CAPACITOR, OPTIONAL, 
TO BLOCK OUTPUT OFFSET VOLTAGE 


tut IF HA-5147 IS NOT NULLED. 
* 
TAPE 10K ~o 
HEAD 
+ é, 0.01puf 
R2 
5.3K 


100 


FIGURE 13. PROFESSIONAL AUDIO NAB TAPE PLAYBACK 
PREAMPLIFIERS 

This NAB tape playback preamplifier fully utilizes the speed, bandwidth, 

and noise features of the HA-5147 


An audio circuit which can make maximum use of the 
speed, bandwidth, and low noise of the HA-5147 is the 
NAB tape playback preamplifier (Figure 13). This circuit is 
configured to provide low frequency boost to 50Hz, flat 
response to 3KHz, and high frequency attenuation above 
3KHz. Compensation for variations in tape and tape head 
performance can be achieved by trimming R1 and R2. 


Signal generation applications will also find this high 
precision device useful. As an astable multivibrator 
(Figure 14) the power bandwidth of the HA-5147 extends 
the circuit's frequency range to approximately 500KHz. Ry 
can be made adjustable to vary the frequency if desired. 
Any timing errors due to Vos Or Ipjag have been minimized 
by the precision characteristics of the HA-5147. D1 and 
D2, if used, should be matched to prevent additional 
timing errors. These clamping diodes may be omitted by 
tying Rt and the positive feedback resistor Rf directly to 
the output. 


(~ 400KHz) where Fg~1/2R4Cy 


O LOW LEVEL SIGNAL 
TO ADDITIONAL AMPLIFIER 


FIGURE 14. ASTABLE MULTIVIBRATOR 
Higher frequencies of operation and reduced timing errors make the 
HA-5147 an attractive building block in signal generation applications. 
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*VALUE CHOSEN TO PROVIDE 
ADEQUATE DC BIAS CURRENT 


9K 


HI-201HS SERIES SWITCHES 


FIGURE 15. PROGRAMMABLE AMPLIFIER 


Variable gain of 1, 10, 100, 1000 is achieved by selecting the proper amou nt 
of feedback with the use of analog switches. 


Often a circuit will be called upon to perform several func- 
tions. In these situations the variable gain configuration of 
Figure 15 may be quite useful. This programmable gain 
stage depends on CMOS analog switches to alter the 


2N3680 


amount of feedback and thereby the gain of the stage. 
Placement of the switching elements inside the relatively 
low current area of the feedback loop, minimizes the 
effects of bias currents and switch resistance on the cal- 
culated gain of the stage. Voltage spikes may occur dur- 
ing the switching process, resulting in temporarily 
reduced gain because of the make-before-break opera- 
tion of the switches. This can be minimized by providing a 
separate voltage divider network for each level of gain. 


Many signal processing applications depend on low noise 
characteristics for their operation. One such application 
involves logrithmic amplifiers. The input sensitivity range 
is governed by the system noise in such a circuit. 
The HA-5147, with its low noise characteristics, can 
extend the basic sensitivity of the common logrithmic 
amplifier (Figure 16). The circuit uses a matched pair of 
transistors to offset the effects of temperature and 
quiescent currents. The final expression for Voyt reduces 
io 


Vout = -0.026(1 + R5/Re6)In[20Vin/Vrefl 
or using the schematic values ... 
Vout = -In[2Vin] 


R6 should be temperature dependent if the expression for 
Vout is to hold over an extended temperature range. The 
overall sensitivity is from a few millivolts to about twice 


Vref. 


Vref (10V) 


WITH Vin = 0 NULL Va USING R7. 
WITH Vin = 0.5Vref NULL Vo USING R8. 


FIGURE 16. LOGRITHMIC AMPLIFIER 
The matched pair of transistors makes this a very temperature stable logrithmic amplifier. 
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euyy 
Vi 


Ay=10TO 20 


500 


FIGURE 17. INPUT BUFFERED MIXER 
Several signals can be combined using this circuit with a minimum of channel cross-talk. 


A high signal to noise ratio is important in signal 
construction and combination. The HA-5147 aids in 
lowering overall system noise and thereby raises system 
sensitivity. The signal combination circuit in Figure 17 
incorporates input buffering with several other features to 
form a relatively efficient mixer stage. 


The potentiometer used for each channel allows for both 
variable input levels as well as a constant impedance for 
the driving source. The buffers serve mainly to prevent 
reverse cross-talk back through the resistor network. This 
allows for the combination of varying strength signals 
without reverse contamination. The gain of the final stage 
is set at a minimum. of 10 and can be adjusted to as much 
as 20. This allows a great deal of flexibility in combining a 
vast array of input signals. 
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No. 554 Harris Analog 


LOW NOISE FAMILY HA-5101/02/04/11/12/14 


by Alan Wayne Hansford 


The HA-510X/511X series is comprised of six separate 
products designed to meet a wide range of needs. This is 
accomplished, in part, by offering the HA-5101, with 
10V/us, the HA-5102/04, each with 3V/us slew rate, the 
HA-5111 with 50V/us, and the HA-5112/14, each with 
20V/us siew rate. 


corner’). Flicker noise is more a function of the amplifier 
construction quality, and system design variations are 
less effective in reducing this type of noise. 


Noise is usually rated in one of two ways. The first is RMS 
voltage or current (a measure of peak-to-peak noise ina 
given bandwidth) and the second is by noise density 


(ES ae Ova sili ald slable spectrum in VA/Hz and AA/Hz (a measure of the spectral 

HA-5102 Dual Amplifier 3V/us Unity Gain Stable ar Sige ; 

HA-5104 Quad Amolifi 3V// Unity Gain Stab! content of the noise in the frequency domain). The two 

HA-5114 Ria oe vn . a Y sph BENS rating schemes are related, with RMS noise levels 
ve e us aria = enpolig generated from the integration of the noise density spec- 

HA-5112 Dual Amplifier §20V/us Gains 10 or more trum over a desired frequency bandwidth 

HA-5114 Quad Amplifier 20V/us Gains 10 or more 


The entire series shares similar design. The noise voltage 
and noise current will therefore be the same across the 
series. With a very low noise input stage at just 4.0nV/s/Hz 
@ 1KHz, the HA-510X/511X is an excellent choice in appli- 
cations where a high signal-to-noise ratio is criticai, as in 
professional audio circuits and transducer monitors. 


In addition to identical noise performance within the 
series, the HA-510X/511X all share common DC speci- 
fications with 0.5mV of offset voltage and 130nA of bias 
current. The high open loop gain, 250KV/V, together with 
the choice of compensation levels, will allow the 
HA-510X/511X series to meet a wide range of require- 
ments. 


Low Noise Design 


Since the HA-510X/511X is a very low noise operational 
amplifier, low noise design techniques must be used to 


make the most of this feature. There are two primary 3 

means of keeping noise down, one requires the amplifier Esaqnack * 4KTReq where... K = 1.381E-23 Fi 

inputs to look into low source resistances and the other neiwer T = 300 O5 

requires bandwidth limiting by filtering. A short outline of Req = RI Re z= 
icti i r h oe eer 

noise prediction will be presented here to support these f£ currant noige in = Inolse Req < 


concepts. 


Noise can be divided into several categories, which in- 
clude thermal noise (white noise) and flicker noise (pink 
noise or1/f noise). The feedback components are strongly 
dominated by thermal noise making thermal noise the 
most important of these from a system design standpoint 
(an exception to this are high gain DC amplifiers which re- 
quire low 1/f noise as measured by the “lower 1/f noise 


As an illustration of noise prediction, the noise density for 
the standard inverting amplifier configuration (Figure 1a) 
will be determined. The total noise is derived from the 
combination of several noise sources, only three of which 
are of any significance. These are the amplifier’s noise 
voltage, the thermal noise of the feedback components, 
and the noise generated by the current noise of the ampli- 
fier within the feedback components. 


The total noise is defined as the square root of the sum of 
the squares of the individual noise terms. 


= 2 
En =G (Eamp) +(E feedback )2 y (E current noise in” 
network feedback network 


En = total noise 
G = gain of stage 
Eamp = amplifier noise voltage........ 4.0nV/\V/Hz @ f > 1KHz 


; k network 
eet Incise = 0.56pA/W/Hz @ f > 1KHz 


or more specifically ... 


En =G V (Eamp)? + Reg4KT + (Inoise Req)@ 
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R 
(a) 
Reg = RI Re 


Re 


(b) 


Req = R||Re+R, 


a FIGURE 1. 

A reasonable estimate of noise levels can be generated with these two 
basic amplifier circuits. 

Both the amplifier noise voltage and noise current are 
constant above 1KHz and rise slightly for lower frequen- 
cies (Figure 2). The resistor thermal noise is derived from 
the parallel combination of the feedback network (Req) 
and several constants (4KT). The third noise term again 
uses the equivalent resistance of the feedback network 
(Req) as well as the current noise generated at the input 
terminals of the amplifier. 


NOISE CURRENT 
2233 SS S523: SS SS5533 SS SSS252:: == 
SD Go, SN eT aR EY eT SD ee eel OE Td RS Re meee oe 
Pr TOCA Oe 
ti matt i Ee 


NOISE VOLTA 
1000 - 


ttre Se GE GE GS SO Pe ee 
8666 | es et ee ee Ped t +t} + fF ft 
| ele ielldidi did cemseenedlaee te i ———— 22 CE SS Ol SE SS AS eo SR ee 


FREQUENCY 


FIGURE 2. 
Noise current and voltage for HA-510X/511X. 


It should be evident from the above formula that 
extremely large values of Req (especially over 10Kohm) 
will dominate the noise density while low values for Reg 
will yield to the amplifier’s own noise characteristics. Note 
the asyptotic convergence of the noise voltages in Figures 
3a-3c at low values of Reg. 


A second circuit (Figure 1b) balances the effects of input 
bias currents by placing a resistor Reo, equal to Req, 
between the non-inverting input and ground. While re- 
ducing DC errors, this configuration adds two additional 
terms to the noise formula. 
En ah. (Eamp)? By Reg4KT ~ (Inoise Req) 

+ Re 4KT + (Inoise Rc)? 
The original contributors to output noise remain as before 


and the additional terms represent the thermal contribu- 
tion by Re and the associated amplifier current 


noise seen through that resistor. To optimize DC design, 
Rin | | Rt = Req = Re, therefore the noise density equation 
reduces to ... 


En=G (Eamp)* + 2Reg4KT + 2(Inoise Req) 


Again the relationship between large values of Reg anda 
high noise density spectrum remains. 


ImVrms 


100 uVems 


10s 


Feeq oF Reg = Re 


FIGURE 3a. PREDICTED NOISE 
Predicted RMS noise at output for bandwidth of 0.1Hz-50KHz for HA-510X 
and 0.1Hz-250KHz for HA-511X. 


100: Vrms 


10. Vrms 


1yuVems 


0.10Vrms 
1K 


FIGURE 3b. PREDICTED NOISE 
Predicted RMS noise at output for bandwidth v1 20Hz-20KHz for 
HA-510X/511X. 


100 Vrms 


10uVrms fe. ally 


es rt 


1uVrms 
oe A 


ctv init ait aR MM 


Reg or Reg = Re 


FIGURE 3c. PREDICTED NOISE 
Predicted RMS noise at output for bandwidth of 20Hz-100Hz for 
HA-510X/511X. 
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RMS noise is derived in part as the integral of the noise 
density spectrum over a given bandwidth. Below is the 
complete expression... 


Erms (from fg to f4) = 2 df 


noise 
density 
spectrum 


fo 


The strict integration assuming En is constant works well 
for fo above ~1KHz. Both the amplifier’s noise voltage and 
the noise current increase for frequencies below 1KHz. 
This makes for difficult integration since complicated ex- 
pressions for Inoise and Eamp must be generated. To 
avoid this problem, graphical integration techniques or 
sampled methods can be used with great success. 


The curves in Figures 3a-3c illustrate the relationship 
between the RMS noise and Reg for both amplifier de- 
signs. It should be apparent from the predicted RMS noise 
curves that increased bandwidth causes an increase in 
noise voltage. An interesting effect of this relationship is 
that only absolute bandwidth (f1-fo) is important. The 
general frequencies of interest (if they are above 1KHz) 
are irrelevant. More simply, 100Hz of bandwidth near 
10KHz contains as much noise as 100Hz of bandwidth 
near 1MHz. This implies that bandwidth should be res- 
tricted with appropriate high and low pass filtering, if the 
lowest noise voltages are to be attained. 


From the previous discussion, it is apparent that low noise 
designs require low resistor values. This is not to say that 
high gain should be avoided, just that low input and 
source resistance values are required for low noise opera- 
tion. Closer examination of the RMS noise formula will 
also show that limiting bandwidth, with filtering, will! also 
reduce noise levels. Additionally, metal film and wire- 
wound resistors have lower excess noise (a component of 
resistor noise in addition to thermal noise) than carbon re- 
sistors and are therefore preferred. 


Applications 


Electronic scales have come into wide use and the HA- 
510X, as a very low noise device, can improve such de- 
signs. One circuit (Figure 4) uses a strain gauge sensing 
element as part of a resistive Wien-bridge. An auto-zero 
circuit is also incorporated into this design by including a 
sample-and-hold network. 


The bridge signal drives the inverting input of a differenti- 
ally-configured HA-5102. The non-inverting input is 
driven by the other half of the HA-5102 used as a buffer for 
the holding capacitor, Ch. This second amplifier and its 
capacitor Cp form the sampling circuit used for automatic 
output zeroing. The 20Kohm resistor between the holding 
capacitor Cp and the input terminal, reduces the drain 
from the bias currents. A second resistor Rg is used in the 
feedback loop to balance the effect of Rg. If R7 is approxi- 
mately equal to the resistance of the strain gauge, the in- 
put signal from the bridge can be roughly nulled with R6é. 


Rg NULLS BRIDGE OUTPUT 
RE 


Rs 


“C4 and C2 IMPROVE 
TRANSIENT REJECTION 


R7 SENSOR RESISTANCE 


R11 OPTIONAL <= 
-15V FINE ZERO 


FIGURE 4. 
Auto-zeroing scale circuit uses a strain gauge/bridge arrangement to 
improve sensitivity. 


With very close matching of the ratio R4/R1 to R3/Ro, the 
output offset can be nulled by closing S. This will charge 
Ch and provide a 0 volt difference to the inputs of the se- 
cond amplifier, which results in a 0 volt output. In this 
manner, the output of the strain gauge can be indirectly 
zeroed. R709 and potentiometer R74 provide an additional 
mechanism for fine tuning Voyt, but they may also in- 
crease offset voltage away from the zero point. C4 and Ca 


reduce the circuit’s susceptibility to noise and transients. 


The rise of digital equipment and computers, has created 
an entire realm of signal processing equipment. In most 
cases the computer requires elaborate circuitry to bridge 
over into the analog domain. The digitally programmable 
attenuator (Figure 5) is a rather simple circuit that still 
allows a great deal of control of analog signals. 


The first stage is a simple buffer used to isolate the signal 
source from the attenuator stages to follow. Each of the 
subsequent stages is preceded by a voltage divider 
formed by two resistors and CMOS switch. Provided that 
the CMOS switch for each stage is “closed”, the drive 
signal will be attenuated according to the basic voltage 
divider relationship at each stage. In the event a switch is 
“open” nearly all of the signal strength will be passed to 
the next stage through the 1K resistor. The amplifiers act 
as buffers for the divider networks and reduce interaction 
between stages. Eight levels of attenuation are possible 
with the circuit as illustrated in Figure 5, but more stages 
could be added. Each divider network must be closely 
matched to the resistor ratios shown or the level of 
attenuation will not match the levels in the logic chart. 


Audio Applications 


The HA-510X/511X series lends itself to audio designs. 
This is due in large part to the low noise characteristics of 
the series. With 4.0nV/VHz @ 1KHz, very low noise 
designs can be realized with little effort. This allows more 
attention to be placed on the quality of the designs. 
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“USED FOR ADEQUATE 
INPUT BIAS OR 
INPUT MATCHING 


| a2 | at | ao | arrenvarion | 


—_d 
HI-201 SWITCH 


FIGURE 5. 


Several resistors may be combined to obtain the precise resistor values 
used in this precision attenuator or a potentiometer may prove adequate. 


BASS CONTROL 


' 
' 
' 
Pe 
FOR HA-5112/14. RK’ = R/10 


* DC BLOCKING CAPACITORS OPTIONAL 


TREBLE CONTROL 


FOR HA-5112/14 Ra: = R3/10 


FIGURE 6. 
The tone correction circuit requires a low impedance driving source, yet it 
provides a great deal of control over the output waveform. 


The following group of designs point to some of the 
applications in which the HA-510X/511X series can 
improve performance without major circuit alterations. 
They depend, in part, on the > +20V/us slew rate of the 
HA-511X, which will allow a small signal to be passed 
without distortion up to 12MHz. The bandwidth of these 
devices is more than adequate for audio use. The 
HA-510X will pass a full 10V signal out to 200KHz without 
distortion and at unity gain. Many other uses for these 
devices exist. The audio applications simply suggest the 
more likely uses for the series. 


Tone correction of an audio signal is an application that 
relies on both the low distortion and the low noise of the 
HA-5102. The Baxandal-type circuit in Figure 6 uses input 
buffering because of the relatively low input impedance of 
the RC networks. The output stage is basically a summa- 
tion amplifier with the high frequency contribution varied 
by the treble control and the low frequency by the bass 
control. The component values given in Figure 6 allow 
+12dB of gain over the audio range. 


One of the more common audio applications is signal 
correction for recording and playback. Several standard 


0.27 uf 
TO AMP AND TONE CONTROL 
or 


RECORD 
STYLUS 


0.015yuf 


FIGURE 7. 
The RIAA amplifier provides industry standard signal correction for vinyl 
record recordings. 


tut * DC BLOCKING CAPACITOR, OPTIONAL, 
TO BLOCK OUTPUT OFFSET VOLTAGE. 


TAPE HEAD 


FIGURE 8. PROFESSIONAL AUDIO NAB TAPE PLAYBACK 
PREAMPLIFIER 

This NAB tape playback preamplifier fully utilizes the speed, bandwidth, 

and noise features of the HA-5101. 


circuits are available and the HA-5101 should prove an 
excellent centerpiece for these. One such circuit is the 
RIAA preamplifier used to match the frequency charac- 
teristics of vinyl records and phonograp:: cartridges. 


The RIAA circuit essentially provides low frequency boost 
below 318Hz and high frequency attenuation above 
3150Hz. Recent modifications to the response standard 
include a 31.5Hz peak gain region to reduce DC oriented 
distortion from external vibration. The circuit in Figure 7 
provides the desired response. 


The NAB (magnetic tape standard) amplifier circuits are 
also well suited for use with the HA-5101 (Figure 8). The 
NAB preamplifier is configured to provide low frequency 
boost to 50Hz, flat response to 3KHz, and high frequency 
attenuation above 3KHz. Compensation for variations in 
tape and tape head performance can be achieved by trim- 
ming Ry and Ro. 


The low noise characteristics of the HA-510X family lead 
to low system noise and improved signal to noise ratios. 
This has become increasingly more important as the 
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various recording mediums have progressed to the point 
of near perfection, at least so far as the ear is concerned. 


At the other end of the audio spectrum, opposite the 
playback arena, is initial sound generation and the 
microphone. The HA-5104/14 is a very practical choice 
for.a dynamic microphone preamplifier (Figure 9). The 
relatively simple design allows for DC coupling of both 
input and output. 


The microphone sees an input impedance equal to Rj +Ro 
(2Kohm). The input impedance of the amplifier group is 
not matched to the 6000hm impedance of the micro- 
phone. This is because the instrumentation amplifier does 
not rely on input power, but rather input voltage alone for 
its driving source. In many cases the frequency range of 
the microphone will be extended with the reduced 
loading. 


Rs, R6, and R7 provide stable DC gain in conjunction with 
R3 and Rg, which form the DC feedback network around 
the first two amplifiers. R7 also controls the DC offset at 
the output. Rg, Rg, and C3 provide the proper AC gain 
above 0.6Hz. R74 is tuned for maximum CMRR by 
matching the feedback element ratios of the third ampli- 
fier [R14/R109 = (R13 + R14)/ R12]. With a total gain of 
4dB, the 2mV microphone signal is increased to the stan- 
dard 1Vrms Output. 


The optional output stage provides a 6000hm matched 
Output impedance to maximize the power transfer to the 
next stage. The HA-5104 and the HA-5114 will both func- 
tion well in this circuit. There will, however, be an extra 
unused amplifier. To avoid this unused amplifier the tone 
correction circuit in Figure 6 is recommended for use with 
the fourth amplifier. If the HA-5114 is used, the DC gain 
resistors R’ and R3’ in Figure 6 must be used with the tone 
correction circuit to insured proper DC stability. 


One of the most useful circuits in audio filtering is the 
Biquad. This universal filter offers low pass, high pass, 
band pass, band elimination, and all pass functions. The 
HA-5104 is an excellent choice for the four amplifier 


Biquad circuit in Figure 10. This is due in large part to the > 


low noise and high slew rate characteristics of the 
HA-5104, both of which reduce distortion effects. 


The Biquad consists of two successive integration stages 
followed by an inverting stage. The entire group has a 
feedback loop from the front to the back consisting of R 
which is chiefly responsible for controlling the center fre- 
quency, Wo. The first stage of integration is termed a 
“poor” integrator because of Rg which limits the range of 
integration. Ro and C form the time constant of the first 
stage integrator with Rg influencing the gain (H) almost 
directly. The band pass function is taken after the first 
stage with the iow pass function taken after the third 
stage. The remaining filter operations are generated by 
various combination of the three stages. 


The Biquad is “orthogonally” tuned, meaning that wo, Q, 
and gain (H) can all be independently adjusted. The com- 
ponent values in Figure 10 wiil allow wo to range from 


40Hz to 20KHz. The other component values give an ad- 
equate range of operation to allow for virtually universal 
filtering in the audio region. wo, Q, and gain (H) can all be 
independently adjusted by adjusting Rj - R3 respectively 
and in succession. 


MATCHED 


; 1 
' 
\ 
H 
OUTPUT STAGE : 


DYNAMIC MIKE 


FIGURE 9. 
The dynamic microphone preamplifier does not use a transformer which 
reduces both complexity and cost. 


RzMIN | Rpoy # 180K > 


R’+ Rg MIN = R3 MAX 
R'<Rpot 


oe 


= = — z 
re) 
Eg 
O ~ e Ps) bk 
LP AP up AP LP AP = re) 
e e 
HP ep Y HP ap O A up BP a. = 
OBE O OW. BE 0 D BE a 
O e Pq 
Re 10K 
R 
Rg 10K 6 10K 
R, CONTROLS Wo (CENTER FREQUENCY) 
Ry CONTROLS G (SELECTIVITY) 
Rj CONTROLS H (GAIN) Re 10K 


The biquad offers a universal filter with wo, Q, and gain “orthogonally” 
tuned. 
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The standard Biquad circuit in Figure 10 uses three stages 
of inverting amplifiers. This produces negative feedback 
for stability (any odd number of stages would produce the 
same effect). There; however, is no restriction such that 
only inverting stages must be used. The standard Biquad 
of Figure 10 has been altered in Figure 11 by combining 
the function of the last two stages into one non-inverting 
integrator. This reduces the number of amplifiers re- 
quired for the band pass function to just two. The 
bandpass transfer function is of course altered to reflect 
the consolidation of the last two stages and is as follows... 


V3 -RyRo2R3Cs 
V1 (R1R2R3R4CC)s2 + (RyRORZR4C)s + 2RoR3 

-(1/R3C)s 

s@ + (1/RoC)s + 2/RyR4CC 
+ Hwo2 
s2 + (wWo/Q)s + wWo2 

therefore... 
Wo = ,f/2/R1yR4CC 
Q = V2R22/RyRq4 
5 li -RyR4C/2R3 ifCy=Co=C 


The two amplifier Biquad bandpass filter constructed 
around the HA-5102 can easily be incorporated into a ten 
band graphic equalizer. By restricting gain to +12dB and 
requiring Q *1.7, avery usable design can be generated. 
See Figure 12. 


pe 


UJ 
BAND PASS OUT 


FIGURE 11. 
The two amplifier biquad forms an economical band pass filter, which in 
this case is oriented towards a ten band equalizer. 


A high signal to noise ratio is important in signal construc- 
tion applications. The low noise aspect of the HA-5104 
aids in lowering the system noise and thereby raises the 
System sensitivity. The signal combination circuit in 
Figure 13 incorporates input buffering with several other 
features to form a relatively efficient mixer stage. 


Vb 


* BANDPASS STAGES 


Ri >2.4K FOR OUTPUT CURRENT LIMITING 


FIGURE 12. 
The bandpass stages can be incorporated into a multiple band equalizer. 


GAIN = N-15dB 
Re 


FIGURE 13. 
The 600 ohm input impedance provides for prope~ audio level signal 
mixing using the HA-5104. 


The circuit in Figure 13 uses buffer stages to prevent 
channel crosstalk back through the mixer resistor 
network. The potentiometers used for each stage allow 
for convenient signal strength adjustment while main 
taining input impedance matching at the 6000hm audio 
Standard. The feedback resistor R¢ will permit the output 
signal gain to be as high as 15dB. The circuit in Figure 14 
illustrates some of the other possible buffer 
combinations. These include a differential input stage, a 
voltage follower as well as both non-inverting and 
inverting stages. The allowable resistor ratios and 
recommended device types are also included. One 
restriction applies to this type of mixer network which is 
Rg >2.4Kohm. This limits the worst case output current 
for each of the input buffers to less than 10mA. 


The bulk of the HA-5102/04/12/14 series applications 
have involved audio uses. This does not represent the full 
range of application of the series. In general, most 
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common amplifier applications, excluding video, could 
benefit from the group. The goal here was to introduce the 
designer to some of the more common and well know 


x 
= 


Hh 
a 


designs using the series, in hope of triggering interest for 
more extensive uses. 


Rg 
HA-5101/02/04 OR IF Ry/R2 AND 
R3/Rq>10; THEN HA-5111/12/14 
Ra 
R3 
@ Rg 
: HA-5101/02/04 
Rg 
e 
Rg HA-5101/02/04 OR IF Rg/R5>10; 
THEN HA-5111/12/14 
® Rg 
HA-5101/02/04 OR IF R7/Rg>9; é Ry ® 
THEN HA-5111/12/14 
R12 << Ry = Ro/ # INPUTS 
IF Ry, = 5x Rg AND Rg = Ryg: = 
FUER EMEA SRNR ke HA-5101/02/04 OR IF (R19/Rg>10: 
= THEN HAS111/12/14 
FIGURE 14. 


Universal mixer stage combines the more useable configurations of the 
HA-510X/511X family to meet most signal construction needs. 
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Harris Analog 
ULTRA LOW BIAS AMPLIFIER, HA-5180 


by Alan Wayne Hansford 


Most amplifiers depend on the voltage at the inputs to de- 
termine the output voltage, and require a parasitic input 
bias current for proper operation. Typically these cur- 
rents are in thewA range, but they needn't beso large. A 
very few devices fall into the ultra low bias current group 
which ranges from fA levels to a few pA. The HA-5180 is 
one of the few, with only 250fA of Bias current. 


DC offset errors are created at the output of most 
amplifiers from the interaction of input bias currents with 
circuit resistances. If bias currents are significantly 
reduced, as with the HA-5180, the DC errors are also 
significantly reduced. This implies that with very low bias 
currents, larger resistances can be used without creating 
a DC error that exceeds normal bias current/resistance 
combinations. A great many high source impedance 
applications are only practical with some means of bias 
reduction, typically FET buffering. The ultra-low bias 
amplifiers, like the HA-5180, eliminate the need for FET 
buffering with its FET input stage. This makes the 
HA-5180 particularly well suited for atomic particle 
detectors and precision sampling circuits, to name two. 


The outstanding features of the HA-5180 do not end 
simply at input bias current, but combine to form a very 
usable device. The Common Mode Rejection Ratio 
(CMRR) and Power Supply Rejection Ratio (PSRR) are 
both examples of this. The rejection of a common signal 
appearing at both input terminals of the device is 105dB 
(CMRR) and the rejection of power supply fluctuations is 
110dB (PSRR). The open loop gain is a very respectable 
1000KV/V. All of these outstanding features reflect the 
quality built into the HA-5180. 


Given the type of device and the primary emphasis on low 
input bias currents, the HA-5180 has several other points 
worthy of praise. The basic speed of the device with a 
2MHz bandwidth and a 7V/uSec slew rate, is above 
average and noteworthy for any amplifier. This becomes 
even more apparent in light of the low supply current 
(0.8mA). The relationship between supply current and 
speed usually implies that a high speed device requires a 
high supply current. Yet, the design of the HA-5180 has 
judiciously metered its use of available supply current to 
optimize speed at gains as low as unity. 


Building Tips 


The HA-5180 was designed with high performance in 
mind as indicated by its parameter list. The design en- 
hancements did not stop at the drawing board however, 
and have been brought into the user’s control. The most 
interesting development is the case connection to pin 8 of 
the can. By grounding the can through pin 8, a high level 
of shielding may be easily implemented. The effects of 
shielding should be further increased by using a ground- 
ing plane under the HA-5180. Both of these techniques 
will also improve the heat transfer away from the chip and 
package to extend the operational safety margins. 


The remarkably low input bias currents are extremely im- 
portant to many applications. They, in spite of their merit, 
can not stand alone in every circuit design. For this reason 
the voltage offset pins were included in the design of the 
HA-5180. With pins 1 and 5 (Figure 1), the offset voltage 
can be reduced below the very acceptable value of 100uV, 
establishing an amplifier with nearly ideal characteristics. 


-15V 


FIGURE 1. 
Nulling the HA-5180s offset adjust to 0 volts brings it closer to the “ideal”. 


Low Noise Design 


Since the HA-5180.is a moderately low noise operational 
amplifier, low noise design techniques must be used to 
make the most of this feature. There are two primary 
means of keeping noise down, one requires the amplifier 
inputs to look into low source resistances and the other 
requires bandwidth limiting by filtering. A short outline of 
noise prediction will be presented here to support these 
concepts. 
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Noise can be divided into several categories, which in- 
clude thermal noise (white noise) and flicker noise (pink 
noise or 1/f noise). The feedback components are 
strongly dominated by thermal noise making thermal 
noise the most important of these from a system design 
standpoint (an exception to this are high gain DC ampli- 
fiers which require low 1/f noise as measured by the lower 
“1/f noise corner”). Flicker noise is more a function of the 
amplifier construction quality, and system design varia- 
tions are less effective in reducing this type of noise. 


Noise is usually rated in one of two ways. The first is RMS 
voltage or current (a measure of peak-to-peak noise ina 
given bandwidth) and the second is by noise density 
spectrum in V/ /Hz and A//Hz (a measure of the spec- 
tral content of the noise in the frequency domain). The 
two rating schemes are related, with RMS noise levels 
generated from the integration of the noise density spec- 
trum over a desired frequency bandwidth. 


As an illustration of noise prediction, the noise density for 
the standard inverting amplifier configuration (Figure 2a) 
will be determined. The total noise is derived from the 
combination of several noise sources, only three of which 
are of any significance. These are the amplifier’s noise 
voltage, the thermal noise of the feedback components, 
and the noise generated by the current noise of the ampli- 
fier within the feedback components: 


The total noise is defined as the square root of the sum of 
the squares of the individual noise terms. 


me 2 2 2 
E,=G (Eamp) +(E feedback” as (E urrent noise in) 
network feedback network 


En = total noise 
G = gain of stage 
Eamp = amplifier noise voltage......... 70nV/,/ Hz @ f > 1KHz 


network T = 300 
Reg = RI| Re 
E current noise in ~ !noise Req 


k 
ca lal Inoise = 0.01pA/,/Hz @ f > 1KHz 


or more specifically ... 


En=G /(Eamp)@ + Reg4KT + (Inoise Req)® 


Both the amplifier noise voltage and noise current are 
constant above 1KHz and rise slightly for lower 
frequencies (Figure 3). The resistor thermal noise is 
derived from the parallel combination of the feedback 
network (Req) and several constants (4KT). The third 
noise term again uses the equivalent resistance of the 
feedback network (Req) as well as the current noise 
generated at the input terminals of the amplifier. 


It should be evident from the above formula that 
extremely large values of Req (usually over 10Kohm, but 


(a) 


Rog = R || Ry 


DC BIAS CURRENTS 
OPTIMIZED 1F 
Req = R|| Rg = Re 


FIGURE 2. NOISE PREDICTION CIRCUITS 
A reasonable estimate of noise levels can be generated with these two 
basic amplifier circuits. 
1K 


sii 


100 


BUUIIRGUN ANUE IT 
Co 


nv/ n= 


Saiitiimaniiit 
FREQUENCY 


FIGURE 3. NOISE VOLTAGE 
Due to the extremely low noise currents, only the voltage noise generates a 
significant contribution. 


1Megohm for the HA-5180) will dominate the noise 
density while low values for Reg will yield to the amplifier’s 
own noise characteristics. Note the asyptotic con 
vergence of the noise voltages in Figures 4a-4c at low 
values of Reg. 


A second circuit (Figure 2b) balances the effects of input 
bias currents by placing a resistor Rc, equal to Reg, bet- 
ween the non-inverting input and ground. While reducing 
DC errors, this configuration adds two additional terms to 
the noise formula. 
En =G (Eamp)* : Reg4KT + (Inoise Req) 

+ Ro 4KT + (Inoise Re)? 


The original contributors to output noise remain as before 
and the additional terms represent the thermal 
contribution by Re and the associated amplifier current 
noise seen through thai resistor. To optimize DC design, 
Rin | | Re= Req = Re, therefore the noise density equation 
reduces to ... 


En=G_ V (Eamp)2 + 2Reg4KT + 2(Inoise Req) 


Again the relationship between large values of Reg and a 
high noise density spectrum remains. 
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RMS noise is derived in part as the integral of the noise 
density spectrum over a given bandwidth. Below is the 
complete expression... 


Erms (from fo to f4) = 2 df 


noise 
density 
spectrum 


fo 


The strict integration assuming En is constant works well 
for fo above ~1KHz. Both the amplifier’s noise voltage and 
the noise current increase for frequencies below 1KHz. 
This makes for difficult integration since complicated 


OC BIAS CURRENTS $4 
OPTIMIZED IF 
Rog = RI]Re= R, 


Reg OF Reg = Re 


FIGURE 4a. PREDICTED NOISE 


Predicted RMS noise at output of HA-5180 for a bandwidth of 
0.1Hz-110KHz. 


expressions for Inoise and Eamp must be generated. To 
avoid this problem, graphical integration techniques or 
sampled methods can be used with great success. 


The curves in Figures 4a-4c illustrate the relationship 
between the RMS noise and Req for both amplifier 
designs. It should be apparent from the predicted RMS 
noise curves that increased bandwidth causes an 
increase in noise voltage. An interesting effect of this 
relationship is that only absolute bandwidth (f7-fo) is 
important. The general frequencies of interest (if they are 
above 1KHz) are irrelevant. More simply, 100Hz of 
bandwidth near 10KHz contains as much noise as 100Hz 
of bandwidth near 1MHz. This implies that bandwidth 
should be restricted with appropriate high and low pass 
filtering, if the lowest noise voltages are to be attained. 


Req = A] Rr 


i 


OC BIAS CURRENTS 
OPTIMIZED IF 


0.01 
1 10K 100K 
Req or Reg = Re 


FIGURE 4b. PREDICTED NOISE 
Predicted RMS noise at output of HA-5180 for a bandwidth of 20Hz-20KHz. 


FIGURE 4c. 
Predicted RMS noise at output of HA-5180 for a bandwidth of 20Hz-100Hz. 


PREDICTED NOISE 
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*1NS14 


* Diode used for S/H peak detector 


FIGURE 5a. 
“Fast” sample-and-hold must be nulled using the offset potentiometers 
but offers very short aquisition times. 
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*Diodes used for S/H peak detector 


FIGURE 5b. 
“Precision” sample-and-hold is an excellent use of the HA-5180, but, be- 
cause of the extended feedback, has greater overshoot. 


HA-5180 Ry 
fs 5K 


3K Hz Bandwidth; C = 0.053 uF 
40K Hz Bandwidth; C = 3900pF 


FIGURE 6. 
The standard three amplifier instrumentation configuration gives a multi- 
meter preamplifier extremely high input impedance. 


From the previous discussion, it is apparent that low noise 
designs require low resistor values. This is not to say that 
high gain should be avoided, just that low input and 
source resistance values are required for low noise opera- 
tion. Closer examination of the RMS noise formula will 
also show that limiting bandwith, with filtering, will also 
reduce noise levels. Additionally, metal film and wire- 
wound resistors have lower excess noise (a component of 
resistor noise in addition to thermal noise) than carbon re- 
sistors and are therefore preferred. 


Applications 


One of the most critical applications, relative to input bias 
currents, is the sample-and-hold. The HA-5180 requires 
such a jow input bias current (250fA) that the drain on 
holding capacitors is all but eliminated. Figure 5 illus- 
trates both a “precision” sample-and-hold as well as a 
“fast” sample-and-hold. Both circuits buffer the input vol- 
tage and the sampled voltage on Cp. 


The “precision” circuit achieves a lower error voltage by 
closing the feedback loop around both amplifiers. This 
adds a delay to the feedback signal and increases the 
overshoot. The DC error voltages are reduced in this con- 
figuration and can be reduced further with the Vog offset 
nulling potentiometers, hence the term “precision”. C4 
improves transient response while R37 provides isolation 
of the input and the output during the hold cycle. S1 deter- 
mines whether the holding capacitor Cp follows the input 
voltage or holds a previous value. The necessary feed- 
back to the input buffer is provided by So during the hold 
operation. Dy converts the sample-and-hold into a peak 
voltage sample-and-hold. Da reduces the reverse satura- 
tion of the input buffer when used in the peak mode. 


The “fast” sample-and-hold incorporates feedback 
around each amplifier separately. This makes for a much 
faster response, but does tend to increase DC error vol- 
tages. The effects of DC offset can be minimized with the 
Vos Offset nulling potentiometers. As with the precision 
sample-and-hold, Sj controls the charging and holding 
operation of the holding capacitor Cp. D4, as before, con- 
verts the circuit into a peak voltage sample-and-hold. 


Like the sample-and-hold, the differential instrumen- 
tation amplifier relies on extremely high input impedance 
for effective operation. The HA-5180 with its JFET input 
stage, performs well as a muitimeter preamplifier (Fig- 
ure 6). The standard three amplifier configuration is used 
with very close matching of the resistor ratios R5/R4 and 
(R7 + Rg)/R6, to insure high common mode rejection 
(CMRR). The gain is controlled through Rg and is equal to 
2R4/R3. Additional gain can be had by increasing the 
ratios R5/Rq4 and (R7 + Rg)/Ré6. 


The capacitors Cj and Co improve the AC response by 
limiting the effects of transients and noise. Two 
suggested values are given for maximum transient 
suppression at frequencies of interest. Some of the faster 
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DVM's are operating at a peak sampling frequency of 
3KHz, hence the 4KHz low pass time constant. The 40KHz 
low pass time constant for AC voltage ranges is an 
arbitrary choice, but should be chosen to match the 
bandwidth of the other components in the system. C4 and 
C2 may however, reduce CMRR for AC signals if not 
closely matched. Input impedances have also been added 
to provide adequate DC bias currents for the HA-5180 
when open circuited. 


Sensors And Transducers 


Most passive transducers and sensors vary in resistance 
relative to light, sound, pressure, etc. Often the average 
resistance of the transducer is quite large. This presents a 
problem in the choice of an amplifier, since bias currents 
are typically high enough to create a significant error 
voltage (Verror = !bias FR). Extremely low input bias 
currents of the HA-5180 minimize this effect for the most 
part and allow for more conventional transducer and 
sensor circuits. 


The circuit in Figure 7 uses a light sensitive cadmium sul- 
fide cell to form a crude light level detecton module. If R, 
the sensor matching resistor, is equal to the “dark” resis- 
tance of the cadimum sulfide cell, the amplifier output will 
range from 0 volts to ~12 volts as the light level ranges 
from “dark” to “bright”. The circuit in Figure 8 operates in 
a similar manner but use the standard non-inverting con- 
figuration instead of the voltage follower configuration. 
This allows for variable gain. Although the “dark” resis- 
tance of the cadmium sulfide cell is only ~7Kohms, the 
principles of operation apply to other types of detectors 
which require the high input impedance of the HA-5180 
for reasonable linearity and useability. 


An example of a high resistive value sensor that depends 
heavily on high amplifier input impedance is the pH probe 
and Detector, with the average probe resistance on the 
order of 100Megohms. The circuits in Figures 7 and 8 may 
still be used with this type of transducer, but a bridge cir- 
cuit may prove more appropriate (Figure 9). The greatest 
sensitivity is achieved if Ry is approximately equal to the 
probe resistance. The circuit can be “zeroed” with Ro 
while the full scale voltage is controlled by Rs. The corre- 
lation between pH and output voltage may not be linear, 
which would necessitate a shaping circuit. A calibration 
scheme, using solutions of known pH, may prove ad- 
equate and more reliabile over a period of time due to 
probe variance. 


The general schematic could be applied to strain gauges 
or any other type of resistive sensor. The key is the 
extremely low input bias current required by the HA-5180, 
which allows higher value resistances to be used without 
producing significant error voltages. This leads to more 
conventional designs with less exotic circuitry. 


Along the same lines as the pH meter and light level 
detector, is the photo-diode current to voltage converter 
(Figure 10). One common use of this type of device is as a 
light to voltage converter for densitometers. This circuit 
depends on the light level/current relationship of a photo- 


Vout= Voc Ra/(Ra + R) 


HA-5180 


ZERO ADJUST 


FIGURE 7. 
Cadmium Sulfide cells control two light detection circuits. 


+15V FULL SCALE ADJUST 


ZERO ADJUST 


1K 10K 
: HA-5180 


FIGURE 8. 
Cadmium Sulfide cells control two light detection circuits. 


ZERO ADJUST 


pH PROBE 


R, ~ RprRope 100Megohm 


FIGURE 9. 
Another popular sensor circuit is the bridge network. The PH probe can be 
replaced with nearly any resistive sensor. 


diode. Since the diode will only pass as much current as 
the light level will allow, the diode becomes a light 
controlled current sink. A current source is summed 
along with the photo-diode current, and a difference 
current appears at the input of the HA-5180. Relying on 
ideal amplifier input impedance, which is nearly the case 
with the HA-5180, all of the difference current is applied to 
Rf. The output is then defined as... 


Vout = (lref ~ Ia)Rf 
Several current sources may be used. The simplest is a 


resistor with | = (VCC - Vpe)R. A more accurate cur- 


rent source is the two transistor current mirror, where | = 
(VCC - Vbe)/Rref (Figure 10). Since the controlling com- 
ponent, Rref, is not in the current path for |, a more 
accurate summation at the amplifier input terminal can 
take place. The stage can be zeroed with R or Rre¢ as the 
case may be. The nulling potentiometer will provide the 
fine zero. 


The precision integrator is a classic circuit which can also 
benefit from the JFET inputs of the HA-5180. The tradi- 
tional relationship between C and R holds very well inone 
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“18 | vA Wi 


Vout = 
(Inet - Iy)* Re 


< 


hae 


oR 
-15V -15V -15V 
Inet = (2VCC - Vbe)/Rret Iret = (Voc - Vg)/R 


FIGURE 10. 
The low bias currents of the HA-5180 provide a nearly ideal summing point 
(*) for the circuit currents in this photo-diode current to voltage converter. 


design (Figure 11), since the drain on C by the amplifier is 
so small. A second HA-5180 has been incorporated into 
this design to allow a threshold voltage to be adjusted. 
The threshold voltage is set while present at the input with 
S; and So closed. S; is opened before So, then Sg is 
closed momentarily to reset the output voltage. The stage 
will then take the time integral of the input signal relative 
to the threshold voltage. Ro provides stable gain during 
the threshold setting procedure. The nulling potentiome- 
ter reduces the effects of Vos. 


The precision integrator can be converted into a precision 
timer with a few modifications. The reset switch used to 
discharge the capacitor C is used as the timer on reset 
switch. The output will be proportional to the elapse time 
as long as the input voltage is constant and not equal to 
the threshold voltage. If the timer needs a hold function, a 
switch must be inserted to isolate the capacitor C from the 
resistor R. 


Vref 


Many signal processing applications depend on low am- 
plifier bias currents for their operation. One such design 
involves logarithmic amplifiers (Figure 12). The input sen- 
sitivity is governed by the system bias currents in such a 
circuit. The HA-5180, with its low input bias currents, can 
extend the sensitivity of the logarithmic current to voltage 
converter. The specific application may well be an atomic 
particle counter in which the current from the detector is 
converted into a voltage. For the design in Figure 12 the 
output voltage is defined as ... 


Vo = -Vt(Rg + R4)/Raln[lin/lref]; where Vt = 0.0259V. 


Using the schematic values, the expression reduces to...... 


Vo = - In[20001 jn] 


This is a typical matched transistor pair logarithmic 
amplifier. The matching removes a constant from the 
Output expression and improves temperature stability. 
The temperature stability will be even greater if Rt varies 
inversely with temperature. 


The input range of this circuit can be extended by using 
another HA-5180 as a current preamplifier to the logarith- 
mic converter, as shown in Figure 12. 


The HA-5180 is an extremely powerful building block. The 
sample-and-hold and the precision integrator are 
examples of the low drain placed on circuit capacitors by 
the bias currents. The bias currents themselves are nearly 
low enough to class the HA-5180 as an “ideal amplifier’ in 
that respect. The transducer applications illustrate the 
HA-5180’s merit in this area. The list of applications and 
uses could continue on, but the material presented should 
allude to. the general applications and uses of the 
HA-5180. 


$3 
R2 S2 
c 
i ' HA-5180 
ine O INTEGRATORout 
~ i 
Sy -15V 
5K ! 
ae R2 Ro 5K 
1 
Ch te -15V ' 
H/S 
FIGURE 11. 


S; and So when closed, provide a threshold settling for this precision 
integrator while Sg allows the output to be reset. 
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FIGURE 12 


Logarithmic current to voltage converter depends on the low bias currents 
of the HA-5180 for accuracy. 
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THERMAL SAFE-OPERATING-AREAS FOR HIGH CURRENT OP AMPS 


By: Brian Mathews 


Many new Harris op amps can supply large amounts of 
output sink or source current. While this is a useful 
feature, it must be used carefully to avoid damaging or 
degrading the reliability of the device. 


Output current contributes to the total amount of power 
dissipated within the amplifier according to the following 
formula: 


TOTAL POWER = SUPPLY POWER + OUTPUT POWER 
PTOTAL = [Icc x (V* - V>)] * [llouTl x |(Vec - VouT)I] 
Icc is the quiescent supply current and (V* - V-) is the 
total supply voltage. |IoyT is the amount of current flow- 
ing into or out of the output terminal and (VCC - VOUT) is 
the voltage across the op amp’s output device. 


Power dissipation generates heat and is related to 
temperature in the following way: 


TEMPERATURE DIFFERENCE 
THERMAL RESISTANCE 


The temperature difference we are interested in is the 
difference between the junction temperature of the circuit 
(Ty) and the ambient temperature (TA). Thermal 
resistance is a measure of the heat conductivity of the 
integrated circuit, ine mounting medium and the 
package. Different packages and die mounts have 
different thermal resistances measured in degrees 
Centigrade of temperature rise per watt of power 
dissipated (OC/W). Typically, integrated circuits will have 
two thermal resistances, 6jg and jc. 8jqa is the thermal 
resistance from the semiconductor junction to ambient 
air. jc is from junction to case only. This is useful if a heat 
sink is used. If so, then the total thermal resistance is the 
sum of junction-to-case, case-to-sink and sink-to-air. 


POWER DISSIPATION = 


. . . . 4 
Tue FOr neni Tie pauaven 2 limits. This type of operation will be covered in a future Cu 
.- i= TA report. <u 
bja The graphs show how the output current capability is a2 
severely limited at elevated ambient temperatures. o 


Harris maintains an absolute maximum rating on junction 
temperature or power dissipation on all op amps. The 
maximum junction temperature for most Harris op amps 
is +175°C although some have been designed for and 
specified at a Ty maximum of +2009C. 


We can now see that maximum allowable power dissipa- 
tion depends on the ambient temperature and the thermal 
resistance of the package. For example, given that 
ambient temperature and maximum junction temperature 
are +250C and +175°C respectively, assuming a thermal 


resistance of +1009C/W, the maximum allowable power 
dissipation would be: 


175 = 25 
100 


Applying this to our output power equation we can deter- 
mine the maximum allowable output current. 


Assuming: V* =+15V, V- =-15V, Icc = 10MA, VouUT = £5V 
recall that 


PTOTAL = [loc x (V* - V-)] + TlouTl x (Yoo - VouTl)] 
1.5W =[(10 x 1073) x (30)] + [louT x (10)] 
loUT MAX = 0.120 = 120mA 


Thus, although this device might have a rated maximum 
output current of 200mA, that amount of current would 
cause the junction temperature to exceed the absolute 
maximum, with the given conditions, Ta =+25°9C, VOUT = 
5V, etc. 


A collection of curves is included which represent 
graphically the maximum allowable output current over a 
range of output voltages. Only one quadrant is shown 
since it is symmetrical with respect to both axes. The 
graphs are entitled SOA for Safe-Operating-Area since 
the device can safely be operated within these 
boundaries. Each graph shows maximum output current 
for three different temperatures. The title lines indicate 
part type, package type, maximum Ty, assumed ICc and 
Voc levels and the package thermal resistance from 
junction to ambient temperature. 


PMAX = = 1.5W 


As long as voltage and current Maximum Limits are 
observed, then second breakdown effects will not be a 
factor in this analysis. Second breakdown must be 
considered for transient conditions exceeding the normal 


Several things can be done to help regain some of the 
output drive. Package choice can make a great deal of 
difference, be sure that the thermal implications of the 
package chosen are understood. Voltage supply levels 
are sometimes variable. Some devices, like the HA-5002, 
are specified at lower supply voltages. Other amplifiers 
may not meet all specifications but will operate with 
acceptable performance at reduced supply levels which 
will reduce quiescent power dissipation allowing greater 
output current levels. 
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DC SOA Graphs 
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DC SOA Graphs 
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SOA Graphs With Heat Sink 
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If package and supply voltage selection still do not allow 
enough current then a heat sink will be necessary. The 
thermal equation when a sink is used is: 


feb 
Bic + 8cs * Osa 


6jc is given in the device data sheet, cs is from case to sink 
and is usually very small (one or less), and 6gaq is from sink 
to ambient and is given by the heat sink manufacturer. 


Some representative curves are shown for some different 
types of heat sinks with different Harris part types. 


Only DC steady-state conditions have been examined. 
AC and transient situations are not as straight forward. 


The simplest way to handle the AC case is to utilize 
conservation of power. Thus, the output stage power 
drawn from the supplies is equal to the power in the load 
plus the power dissipated in the amplifier's output: 


PSUPPLY = PDISS * PLOAD 


This discussion will assume a sine-wave output with peak 
voltage and current; Vp and Ip, and a resistive load, RL. 


The average power drawn from the supplies is: 


PSUPPLY = 2VCC ICAVG 


Where ICavg is the average collector current in the out- 
put device. After calculating this current the following is 
obtained [1]: 


V 
PSUPPLY = 2VCC ae 
7Re 


The average power in the load is half the product of peak 
voltage and current, referred to voltage alone: 


Vp2 
ELORD = oe 
2RAL 
Thus the average power dissipated in the device's output 
is: 
Ppiss = PSUPPLY - PLOAD 
2vccVp __ Vp? 
7 Re 2 RL 


Poiss = 


This figure, added to the quiescent device dissipation, 
should be used to determine the thermal operating 
conditions when the output is a sine-wave and the load is 
resistive. For complex waveforms or reactive loads a 
thorough analysis should be performed on the particular 
application. This obviously cannot be done in this article. 


For transient conditions, thermal capacitance and second 
breakdown must be considered. When power is supplied 
by an amplifier, the junction temperature does not rise 
instantaneously. The different elements in the thermal 
path all have thermal capacitance in addition to thermal 
resistance. Thus, the thermal transient response is deter- 
mined by a time constant which is the product of thermal 
resistance and capacitance. Thermal capacitance is a 
material dependent value and will be covered thoroughly 
in a follow-up article along with second breakdown. 
Suffice to say that most packages have thermal time con- 
stants on the order of hundreds of milliseconds so that 
power pulses of short duration should not raise the 
junction temperature appreciably. Again, transient ther- 
mal characteristics will be covered in another article. 


The graphs shown here are only general guidelines. The 
equations are included so that specific applications can 
be analyzed and thermal requirements can be deter- 
mined. Methods have been shown for calculating total 
power dissipation, maximum allowable power dissipa- 
tion, and average AC power dissipation with respect to 
output current and voltage, ambient temperature, junc- 
tion temperature and thermal resistance. Thus, Harris 
high output devices can be used with confidence if these 
techniques are used. 
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No. 557 Harris Analog 
RECOMMENDED TEST PROCEDURES FOR 
ANALOG SWITCHES 
By: Brian Mathews 
Introduction 


The following text describes the basic test procedures 
that can be used for most Harris CMOS switches. Various 
test conditions are used with the various switches. Table 1 
has been included to help define the specific test setups to 
be used with each variety of switch. One additional! note, 
all schematics assume an open switch for high logic 
inputs. 


DC Switch Parameters 
Analog Signal Range (+Vs) and (-Vs) 


The analog signal range is the maximum input signal level 
which can be switched to the output with minimal 
distortion. For supply voltages lower than nominal, the 
analog signal range should be restricted to the voltage 
span between the supplies. Note that other parameters, 
such as “ON” resistance and leakage currents, are 
guaranteed over a smaller input range and tend to 
degrade toward the analog iimits (+Vs and -Vs). Harris 
switches can tolerate the positive analog signal limit (+Vs) 
applied to one side of a switch cell while the negative 
analog signal limit (-Vs) is applied to the other side (the 
switch must be open to avoid excessive Currents). 


The analog signal range is measured (Figure 1) by 
increasing an input waveform until the Output shows 


+15V 
’ 


FIGURE 1. SUGGESTED CIRCUIT TO DETERMINE 
ANALOG SIGNAL RANGE 


evidence of distortion or the maximum analog level is 
reached (as stated in the maximum ratings section of the 
data sheet). 


ROn; ON Resistance (Rps) 


“ON" resistance is the effective series on-switch 
resistance measured from input to output under specified 
conditions. Note that Ron typically changes with 
temperature (highest at high temperature), and toa lesser 
degree with signal voltage and current. 


RON is calculated from the voltage drop across a switch 
with a known current flow as in Figure 2. 


RON = yas 


See Table 1 for Specific Test Conditions 


FIGURE 2. “ON” RESISTANCE TEST CIRCUIT 


IS(OFF); ID(OFF): |ID(ON): Leakage Currents 


Harris prefers to guarantee only worst case high tempera- 
ture leakage currents because the room temperature 
picoampere levels are virtually impossible to measure 
repeatedly on currently available automated test equip- 
ment. Even under laboratory conditions, fixture and test 
equipment leakage currents may frequently exceed the 
device leakage currents. Since the leakage currents tend 
to double for every 10°C increase in temperature, it is 
reasonable to assume that the +259C value is about 1/1000 
the +125°9C value; however, in some cases there may be 
ohmic leakage paths, such as across the package, which 
would tend to make the +250C reading slightly higher 
than expected. 
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IS(OFF), measured directly with the circuit in Figure 3, 
consist largely of the diode leakage current from the 
source-body junction. ID(OFF), also measured directly 
with the circuit in Figure 3, is largely due to the diode 
leakage current in the drain-body junction. 


+15V 


VIN = +VIN 


I 


FIGURE 3. OFF LEAKAGE CURRENT TEST CIRCUIT 


-15V I 


See Table 1 for Specific Test Conditions 


“ON” leakage current (ID(ON)) is the current flowing 
through both the source-body and drain-body junctions 
of a closed switch. ID(ON) tends to have the most 
noticeable effect since it creates an offset voltage across 
the switch equal to ID(ON)*RON. ID(ON) is measured 
directly with the circuit in Figure 4. 


+15V 


See Table 1 for Specific Test Conditions 


FIGURE 4. “ON” LEAKAGE CURRENT TEST CIRCUIT 


Dynamic Switch Parameters 


TON, TOFF: Access Time 


Switch “Turn Off” time Torr is the time required to 
deactivate an “ON” switch to an “OFF” state. TOFF is 
measured from the 50% point of the logic transition to the 
10% point of the output transition (Figure 5). 


+15V 


DIGITAL 
INPUT 


SWITCH 
OUTPUT 


See Table 1 for Specific Test Conditions 


FIGURE 5. “TURN ON” AND “TURN OFF” DELAY TEST 
CIRCUIT AND WAVEFORMS 


Charge Injection 


Cycling a switch “ON” or “OFF” results in a small amount 
of charge being injected into the analog signal path. This 
charge injection is generated through the capacitive 
coupling between the digital control lines and the analog 
outputs. The ensuing voltage spikes create an acquisition 
interval during which the output level is invalid even when 
little or no steady state level change is involved. The total 
net energy (charge injection) coupled onto the analog 
lines is especially critical when switching voltage to a 
capacitor since the injection charge will change the 
capacitor voltage at the instant of switching. 


Charge injection, measured in pico-coulombs, is mea- 
sured with the aid of the circuit in Figure 6. 


+15V 
Q(pC) = C(pf) * Vout (VOLTS) 


VouT 


-15V 


APPLICATION 
NOTES 


Switch “Turn On” time Ton is the time required to 
activate an “OFF” switch to an “ON” state. TON is 
measured from the 50% point of the logic transition to the 
90% point of the output transition (Figure 5). 


See Table 1 for Specific Test Conditions 


FIGURE 6. CHARGE INJECTION TEST CIRCUIT 
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Off Isolation 


Off Isolation is the degree of attenuation seen at the 
output of an “Open” switch when a high frequency signal 
is applied to the input. This feedthrough occurs through 
the source-body and drain-body capacitances and has a 
greater effect at higher frequencies. Off isolation is 
usually specified in decibels where Off Isolation = 20Log 
(VOUT/VIN), see Figure 7. The isolation generally 
decreases by 10dB/decade with increasing frequency. 


+15V 


OFF ISOLATION =20L0G [V 
(dB) [ VN 


See Table 1 for Specific Test Conditions 


FIGURE 7. OFF ISOLATION TEST CIRCUIT 


Crosstalk 


Crosstalk is the amount of signal cross coupling from an 
“OFF” analog input to the output of another “ON” channel 
Output. Crosstalk is usually measured in decibles where: 
Crosstalk = 20Log(VQUT2/VOUT1), see Figure 8. 


+15V 


CROSSTALK = 20L0G [VouT2 
(dB) Vin, 


Vout 


-15V 


See Table 1 for Specific Test Conditions 


FIGURE 8. GENERAL CROSSTALK TEST CIRCUIT 


Break-Before-Make-Delay T(OPEN) 


The break-before-make-delay T(OPEN) is the elapsed 
time between the “Turn Off” of one switch and the 
corresponding “Turn On” of another for a common 
change in logic states (Figure 9). The delay measurement 
is taken at the 50% levels of the output transitions. The 
T(OPEN) delay prevents the switches from being 
simultaneously close during switching transitions. 


50% 50% 
ov | our 
| 
SWITCH 
OUTPUT 50% | | me? 
ev | | 
1 
tBBM — aaa ma [-tBBM 


See Table 1 for Specific Test Conditions 


FIGURE 9. BREAK-BEFORE-MAKE-DELAY TEST CIRCUIT 
AND WAVEFORMS 


Settling Time 


Settling time is the time required for the switch output to 
settle within a given percentage of the final value 
following a change in the digital input level. Usually the 
worst-case settling time occurs when the switch is 
required to slew across its full dynamic range (generally a 
OV to +10V transition). This is known as full-scale settling 
time. 
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The settling time circuit is Figure 10, employs two 
resistors to generate an error voltage equal to the output 
error. A FET is used to buffer the summing junction from 
the oscilloscope probe capacitance. 


5 T0 
SCOPE 


Settling Time (Ts) is measured using a high speed recovery oscilloscope 
to display the error voltage Ve. 


See Table 1 for Specific Test Conditions 


FIGURE 10. SETTLING TIME TEST CIRCUIT 
AND WAVEFORM 


Switch Logic Parameters 


Input Thresholds Va_ and VAH 


The input thresholds are the digital input upper and lower 
limits at which proper switching action is guaranteed to 
take place. The input low threshold Va, is the maximum 
allowable voltage that can be applied to the digital input 
and still be recognized as a logic low (“0”) input. The input 
high threshold VAH is the minimum allowable voltage that 
can be applied to the digital input and still be recognized 
as a logic high (“1”) input. All other parameters will be 
valid if the logic inputs are either below Va, or above VAH. 


input Leakage Current (IAL> !AH) 


Input leakage current is the bias current flowing either 
into or out of the digital input terminal. Input leakage 
current high (IA) is the current flowing while the digital 
input is in the high state (=> VAH), while input leakage 
current low (IA,) is the current flowing when the digital 
input is in the low state (= VAL). Input leakage currents 
are measured directly using the circuits in Figure 11. 


-15V 
See Table 1 for Specific Test Conditions 


FIGURE 11. INPUT LEAKAGE CURRENT TEST CIRCUITS 


Static and Package Related 
Switch Parameters 


Pp Power Dissipation: I+, I- 


Quiesent power dissipation Pp = (*VcCc"l*) + (-Vcc"l-) 
(Figure 12). Pp may be specified with the switch in eithera 
cycling or a steady state condition. Note that, as with all 
CMOS devices, power dissipation increases with switch- 
ing frequency. 


-15V 


See Table 1 for Specific Test Conditions 


FIGURE 12. SUPPLY CURRENT TEST CIRCUIT 
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Switch Capacitance CS(OFF); CD(OFF): CpD(ON), CA 


The various switch capacitances are stated as typical 
values. These values are given by design and are not 
Subject to production testing (Figure 13). 


Capacitance Source-Off CS(OFF) is the capacitance with 
respect to ground seen at the analog input with the switch 
open. This capacitance is the sum of the source 
Capacitance of the N-channel and P-channel switching 
devices. 


CS(OFF) = CSGP1 + CsBP1 + CSGN + CsBN 


Capacitance Drain-Off CD(OFF) is the capacitance with 
respect to ground seen at the output terminal with the 
switch open. This capacitance is the sum of the drain 
Capacitance of the N-channel and P-channel switching 
devices. 


CD(OFF) = CoGP1 * CpoBP1 + CDGN + Cogn 


Capacitance Drain-On CD(ON) is the capacitance with 
respect to ground at the drain with the switch closed. 
Generally CD(ON) is the total of the source-off and 
drain-off capacitances. 


CD(ON) = CD(OFF) * CS(OFF) 


Input to output capacitance CDS(OFF) is the capacitance 
between the analog input and output with the switch 
open. 


Digital input capacitance Ca is the Capacitance with 
respect to ground at the digital input. Ca chiefly affects 
propagation delays when the switch is driven by CMOS 
logic. 


Switch Test Fixture Design Rules 

The high performance characteristics of Harris switches 
require high quality test fixtures for accurate characteri- 
zation. The following design rules should eliminate most 
sources of error and provide highly accurate results. 


e Decoupling capacitors should be placed as close to the 
supply pins as possible. 


e A ground plane should be used to minimize distributed 
Capacitance. 


e All grounds should terminate at a single point ground. 


e All sensitive analog lines should be routed between 
ground traces and kept away from digital lines. 


¢ Analog and digital lines should cross at right angles. 


¢ All unused logic pins should be connected to either VAL 
or VAH. 


e All unused analog pins should be connected to ground 
through a 1K resistor. 


¢ Teflon sockets should be used to minimize socket 
Capacitance. 
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+15V 


FIGURE 13. EQUIVALENT SWITCH CIRCUIT INCLUDING CAPACITANCES 
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DELTA MODULATION FOR VOICE TRANSMISSION 


By Don Jones 


{introduction To Deltamod 


Deita modulation has evolved into a simple, efficient 
method of digitizing voice for secure, reliable com- 
munications and for voice I/O in data processing. 


To illustrate basic principles, a very simple delta 
modulator and demodulator are illustrated in Figure 
1. The modulator is a sampled data system employ- 
ing a negative feedback loop. A comparator senses 
whether or not the instantaneous level of the analog 
voice input is greater or less than the feedback signal. 
The comparator output is clocked by a flip-flop to 
form a continuous NRZ digital data stream. This 
digital data is also integrated and fed back to the 
comparator. The feedback system is such that the 
integrator ramps up and down to produce a rough 
approximation of the input waveform. An identical 
integrator in the demodulator produces the same 
waveform, which when filtered, reproduces the 
voice, 


One can see that the digital data 0’s and 1's are com- 
mands to the integrators to go up” or “go down” 
respectively. Another way of looking at it is that the 
digital data stream also has analog significance; 
it approximates the differential of the voice, since 
analog integration of the data reproduces the voice. 


Note that the integrator output never stands still: 
it always travels either up or down by a fixed amount 
in any clock period. Because of its fixed integrator 
output slope, the simple delta modulator is less than 
ideal for encoding human voice which may have a 
wide dynamic amplitude range. 


The integrator cannot track large, high frequency 
signals with its fixed slope. Fortunately, human 
speech has statistically smaller amplitudes at higher 
frequencies, therefore an integrator time constant of 
about 1 millisecond will satisfactorily reproduce voice 
in a 3kHz bandwidth. 


A more serious limitation is that voice amplitude 
changes which are less than the height of the inte- 
grator ramp during one clock period cannot be 
resolved. So dynamic range is proportional to clock 
frequency, and satisfactory range cannot be obtained 
at desirable low clock rates. 
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A means of effectively increasing dynamic range is 
called “companding” (compressing-expanding); where 
at the modulator, small signals are given higher 
relative gain, and an inverse characteristic is produced 
at the demodulator. 


The CVSD: A popular effective scheme for com- 
panded delta modulation is known as CVSD (contin- 
uously variable slope deltamod) shown in Figure 2. 
Additional! digital logic, a second integrator, and an 
analog multiplier are added to the simple modulator. 


Under smali input signal conditions, the second 
integrator (known as the syllabic filter) has no 
input, and circuit function is identical to the simple 
modulator, except that the multiplier is biased to 
output quite small ramp amplitudes giving good 
resolution to the small signals. 


A larger signal input is characterized by consecutive 
strings of 1’s or O’s in the data as the integrator 
attempts to track the input. The logic input to the 
syllabic filter actuates whenever 3 or more consec- 
utive O’s or 1’s are present in the data. When this 
happens, the syllabic filter output starts to build 
up, increasing the multiplier gain, passing larger 
amplitude ramps to the comparator, enabling the 
system to track the larger signal. Up to a limit, 
the more consecutive 1’s or 0’s generated, the. larger 
the ramp amplitude. Since the larger signals increase 
the negative feedback of the modulator and the 
forward gain of the demodulator, companding takes 
place. By listening tests, the syllabic filter time 
constant of 4 to 10 milliseconds is generally consid- 
ered optimum, 


An outstanding characteristic of CVSD is its ability, 
with fairly simple circuitry, to transmit intelligible 
voice at relatively low data rates. Companded PCM, 
for telephone quality transmission, requires about 
64K bits/sec. data rate per channel. CVSD produces 
equal quality at 32K bits/sec. (However, at this 
rate it does not handle tone signals or phase encoded 
modern transmissions as well.) 


CVSD is useful at even lower data rates. At 16K 
bits/sec the reconstructed voice is remarkably natural, 
but has a slightly "Fuzzy Edge”. At 9.6K bits/sec 
intelligibility is still excellent, although the sound 


is reminiscent of a damaged loudspeaker. Of course, 
very sophisticated speech compression techniques 
have been used to transmit speech at even lower data 


MODULATOR 


rates; but CVSD is an excellent compromise between 
circuit simplicity and bandwidth economy. 


DEMODULATOR 
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The Digital CVSD 


Delta modulated data is in a form which can be 
digitally filtered with fairly simple circuitry. A 
compatible CVSD can be made using digital integrat- 
ors and multipliers driving a digital-to-analog con- 
verter. The block diagram of the Harris HC-55564 
monolithic CVSD is shown in Figure 3. 


The CMOS digital circuit functions of Figure 3 
closely parallel the equivalent analog function in 
Figure 2. The filters are single pole recursive types 
using shift registers with feedback. A digital multi- 
plier feeds a 10 bit R-2R DAC which reconstructs 
the voice waveform. The DAC output is in steps, 
rather than ramps. 
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Figure 3 — HC-55564 CVSD Functional Diagram 


The digital CVSD has a number of advantages over 
its analog counterpart, and has desirable features 
which would otherwise require additional circuitry: 


1) 


2) 


3) 


4) 


5) 


6) 


The all CMOS device requires only 1mA current 
from a single +4.5V to +7V supply. 


No bulky external precision resistors or capaci- 
tors are required for the integrators; time 
constants of the digital filters are set by the 
clock frequency and do not drift with time or 
temperature. 


For best intelligibility and freedom from listener 
fatigue, it is important that the recovered audio 
is quiet during the pauses between spoken words. 
During quiet periods, an alternate 1”, “0” 
pattern should be encoded, which when decoded 
and filtered will be inaudible. Achieving this 
in the analog CVSD requires that up and down 
ramp slopes are precisely equal and that offsets 
in the comparator and amplifiers are adjusted 
to zero. Improper adjustment or excessive 
component drift can result in noisy oscillations. 
In the digital design, comparator offset and 
drift are adjusted by a long up-down counter 
summed to the DAC to insure that over a period 
of time equal numbers of 1’s and 0’s are gen- 
erated. 


An added feature is automatic quieting, where if 
the DAC input would be less than 2 LSB’s the 
quieting pattern is generated instead. This has 
proven to aid intelligibility. 


To prevent momentary overload when beginning 
to encode or decode, it is desirable to initial- 
ize the integrators. In the analog CVSD, external 
analog switches would be required to discharge 
the capacitors. 


In the digital CVSD, the filters are reset by 
momentarily putting the Force Zero” pin low. 
At the same time, a quieting pattern is generated 
without affecting internal encoding by putting 
the “Alternate Plain Text” pin low. 


In some analog CVSD designs, transient noise 
will be generated during recovery from a low 
frequency overdriven input condition. The 
digital CVSD has a clipped output with instant 
recovery, when overdriven. 


Half-duplex operation (using the same device, 
switching between the encode and decode 
functions) requires external circuits with the 
analog CVSD, while the digital type is switched 
internally by a logic input. 
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Applications Of Delta 
Modulation 


1) 


2) 


3) 


4) 


Telecommunications: Digitized signals are easily 
routed and multiplexed with low cost digital 
gates. Voice channels may be easily added to 
existing multiplexed digital data transmission 
systems. The digital signals are much more 
immune to crosstalk and noise when transmitted 
over long distances by wire, R.F., or optical 
paths. CVSD has better intelligibility than 
PCM when random bit errors are introduced 
during transmission, 


Secure Communications: Digital data can be 
quite securely encrypted using fairly simple 
standard hardware (Figure 4a). | Scrambled 
speech for audio channels may also be accomp- 
lished by encoding into a shift register, then 
selecting different segments of the shifted data 
in pseudo-random fashion and decoding it 
(Figure 4b). 


Audio Delay Lines: Although charge-coupled 
deviced (CCD) will perform this function, they 
are still expensive and choice of configurations 
is quite limited. Also, there is a practical limit 
to the number of CCD stages, since each intro- 
duces a slight degradation to the signal. 


As shown in Figure 5, the delay line consists of 
a CVSD modulator, a shift register and a de- 
modulator. Delay is proportional to the number 
of register stages divided by the clock frequency. 
This can be used in speech scrambling, as ex- 
plained above, echo supression in PA systems; 
special echo effects; music enhancement or 
synthesis; and recursive or nonrecursive filtering. 


Voice 1/O: Digitized speech can be entered 
into a computer for storage, voice identification, 
or word recognition. Words stored in ROM’s, 
disc memory, etc. can be used for voice output. 
CVSD, since it can operate at low data rates, 
is more efficient in storage requirements than 
PCM or other A to D conversions. Also, the 
data is in a useful form for filtering or other 
processing. 
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Figure 4b — Voice Transmission Scrambling 
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Figure 5 — Audio Delay Line 
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Figure 6 — CVSD Hookup for Evaluation 


Figure 6 illustrates a simple evaluation breadboard 
circuit for the HC-55564. AQ single device is suf- 
ficient to evaluate sound quality, etc. since, when 
encoding, the feedback signal at pin 3 is identical to 
the decoded signal from a receiver. The following are 
some pointers for using the devices: 


1) Power supply decoupling is essential with the 
capacitor (C1 in Figure 6) located close to the 
I.C. 


2) Power to the I.C. must be present before the 
audio input, the clock, or other digital inputs 
are applied. Failure to observe this may result 
in a latchup condition, which is usually not 
destructive and may be removed by cycling 
the supply off, then on. 


3) Signal ground (pin 2) should be externally 
connected to pin 8 and power ground. It is 
recommended for noise-free operation that the 
audio input and output ground returns connect 
directly to pin 2 and to no other grounds in the 
system. Pins 6 and 7 must be open circuited. 


4) Digital inputs and outputs are similar to and 
compatible with standard CMOS logic circuits 
using the same supply voltage. The illustrated 
10K pullup resistors are necessary only with 
mechanical switches, and are not necessary when 
driving these pins with CMOS. Unused digital 
inputs should be tied to the appropriate supply 
rail for the desired operation. TTL output, 
however, will require pullup resistors (about 1K) 
to obtain the required CMOS input levels. 
Pins 4 and 14 will drive CMOS logic, or each 
can drive one low power TTL input. 


5) Capacitor coupling is recommended for the 
audio in and out (pins 3 and 5) as each pin is 
internally biased to about 1/2 the supply voltage. 
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DELAYED 


6) The AGC output (pin 4) is a digital output, 
whose duty cycle is dependent on the average 
audio level. This may be externally integrated 
to drive an AGC preamplifier; or it could be 
used (through a buffer gate) to drive an LED 
indicator to indicate proper speaking volume. 


7) To prevent generation of alias frequencies, the 
input filter should reduce the audio amplitude 
at frequencies greater than half the clock rate 
to less than 12 millivolts peak-to-peak. 


8) The PCM Filter shown in the data sheet lends 
itself well as a cost-effective input/output filter 
to the CVSD. 


9) A suggested receiver clock circuit is a free run- 
ning multivibrator, synchronized at each transi- 
tion of the incoming data. Any synch errors 
occurring during reception of long strings of 
zeros or ones will have negligible effect on the 
decoded voice. 


Figures 7 though 11 illustrate some typical audio 
output (before filtering) and digital output wave- 
forms. To make the scope picture stationary, the 
audio input generator was synchronized with a 
submultiple of the clock frequency. 


Figure 7 shows the results of a large low frequency 
sine wave. The somewhat jagged peaks are typical 
of all CVSD systems. Note that the digital output is 
continuous “ones” while the waveform is slewing 
down and continuous ‘’zeros’’ while slewing up. 


Figure 8 shows the excellent recovery from over- 
driven conditions at low frequency. Some analog 
type CVSD’s have trouble recovering from this 
condition. 


As mentioned previously, CVSD’s cannot handle 
large signals at high frequencies (but these are not 
generally present in the human voice). Figure 9 
shows this limitation where the voice output is 
slewing at its maximum rate, but cannot catch up 
with the input. At reduced amplitudes, however, 
the same signal can be reproduced. as shown in 
Figure 10. 


The transfer function curve on the data sheet shows 
that at 16kHz clock rate, a 1.2V RMS signal can be 
tracked up to 500Hz. With a 32kHz clock, the 
same curves may be used but with each of the 
indicated frequencies doubled. Likewise, each of 
the SNR figures shown on the data sheet will be 
6dB better with a 32kHz clock. 


Figure 11 shows the 10 millivolt voice output wave- 
form at 1/2 the clock rate, when there is ng audio 
input. After filtering, this signal is inaudible. 


APPLICATION 


NOTES 
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Figure 7 — CVSD Large Signal Sine Wave Reconstruction Figure 10 — CVSD Small Signal Sine Wave Reconstruction 
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Figure 9 — CVSD Large Signal, High Frequency Slew Limiting 
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CMOS Digital Products 


CMOS Microprocessors 
B0C 286 8... chads th os RAs ee: 


80C86 
80C88 


esses ues eee eee eee seen ese sees eee anes 
see eee ese eee ewe eee eee eee ee eee 


CMOS Peripherals 


Bee rachis 1< tac ncens pee oie ees 
82C54 


82C82 


Eee Fi aNaees eedtas vee se teas ben wes 
BGR creas ceaania Coes Oh bbae nak 
82C85 


A <5 Be Mi aa 


Data Communications 


PUR ae Cie eywcastlan ig wn rena ine wise aes 
TA AR sa oe dacekch oad Saw aaeaas Bee ehiae 


CMOS Memory 


HM-6504 
HM-6508 


WAT Aon ousivia pS ee oes on casa eae 
HM-6642 


HM-8832 
RONAN S55 i oe dacs Sab es oe Dew ha ee 
ie ee cae bs cae a 90s ee Raa wes 
ee ir et kar ee eee genes esos 


Static 16-Bit Microprocessor 
Static 16-Bit Microprocessor 
Static 8/16-Bit Microprocessor 
Static 16-Bit Microntroller 


High Performance Programmable DMA Controller 
Programmable Interval Timer 
Programmable Peripheral Interface 
Priority Interrupt Controller 

Octal Latching Bus Driver 

Octal Latching inverting Bus Driver 
Clock Generator Driver 

Clock Generator Driver 

Static Clock Controller/Generator 
Octal Bus Transceiver 

Octal Bus Transceiver (Inverting) 
Bus Controller 

Bus Controller 

Bus Arbiter 


Asynchronous Serial Manchester Adapter 

Manchester Encoder-Decoder 

Manchester Encoder-Decoder 

Manchester Encoder-Decoder 

Programmable Bit Rate Generator 

Universal Asynchronous Receiver Transmitter 
Asynchronous Communications Element 

Serial Controller interval Timer 

Programmable Asynchronous Communication Interface 


4K x 1 Synchronous RAM 

1K x 1 Sychronous RAM 

1K x 4 Synchronous RAM 

2K x 8 Synchronous RAM 

2K x 8 Asynchronous RAM 

1K x 1 Synchronous RAM 

16K x 1 Asynchronous RAM 

256 x 4 Synchronous RAM 

256 x 4 Synchronous RAM 

64K Synchronous RAM Module 

8K x 8 Asynchronous RAM 

2K x 8 Fuse Link PROM 

512 x 8 Fuse Link PROM 

8K x 8 Asynchronous RAM Module 
16K 8 Asynchronous RAM Module 
32K x 8 Asynchronous RAM Module 
256K Synchronous RAM Module 
256K Buffered Synchronous RAM Module 
1M-Bit Asynchronous RAM Module 


16 x 16-Bit Parallel Multiplier 
16 x 16-Bit Parallel Multiplier 
16 x 16-Bit Parallel Multiplier 
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Radiation Hardened Products 


Memories 
HS-6508RH .............: seen 1K x 1 CMOS Static RAM (Synchronous) 
HS-6551 RH ........0-0000cccees 256 x 4 CMOS Static RAM (Synchronous) 
HS-6504RH ....... eee eeeeee 4K x 1 CMOS Static RAM (Synchronous) 
HS-GS1GAM ooo cicccsccscsssesseees 1K x 4 CMOS Static RAM (Synchronous) 
HS-65142RH .........s.sss0000000 1K x 4 CMOS Static RAM (Asynchronous) 
HS-65C162RH 
HS-65T 162RH................4. 2K x 8 CMOS Static RAM (Asynchronous) 
HS-65C262RH 
HS-65T262RH...............004 16K x 1 CMOS Static RAM (Asynchronous) 
HS-G564RH ........c.cscsssecseeee 8K x 8 or 16K x 4 CMOS RAM Module (Synchronous) 
PISO TET viasvecsvsncsenscacones 2K x 8 CMOS PROM (Synchronous) 
HS-76161RH ........ eee 2K x 8 Bipolar PROM (Synchronous) 
Quad Power Strobe 
PEO OIG viisccsvcsnasvsnisananas Quad Power Strobe 


Microprocessor and Peripherals 
80C85 8-BIT MICROPROCESSOR FAMILY 


HS-80C85RH .............00000 8-Bit CMOS Microprocessor 
HS-3374RH ............:ceeeeeee CMOS/TTL Bidirectional Level Shifter 
HS-54C138RH .............0000. 3-Line to 8-Line CMOS Decoder/Demultiplexer 
HS-81C55/56RH............... 256 x 8 CMOS RAM with I/O Ports and Timer 
HS-82COBRH ...:.........000002 8-Bit CMOS Bus Transceiver 
HS-82C012RH .........ccsseesoeee 8-Bit CMOS 1|/O Port 
HS-BSCSSAH «2. censcsessnesens 2K x 8 CMOS ROM with I/O Ports 

80C86 16-BIT MICROPROCESSOR FAMILY 
HS-80C86RH .................+.. 16-Bit CMOS Microprocessor 
HS-82C37ARH.............008 CMOS Programmable DMA Controller 
HS-B5CS2RH ..nc.ccccccsseesses. CMOS Serial Controller Interface 
FS SAA: sss casceavevvinvens CMOS Programmable Interval Timer 
HS-82C55ARH............:00 CMOS Programmable Peripheral Interface 
HS-82C59ARH..............005 CMOS Programmable Interrupt Controller 
HS-S2C65RAH ..........00ce000. CMOS Static Clock Controller/Generator 


Operational Amplifiers, Comparator & Regulator 


Fr OPT seisapvasvnvensnsgpncge High Slew Rate Wide Band Operational Amplifier 
HS-S5SOREM....-2cbsen002 0004 Low Power Programmable Operational Amplifier 
HS-3569RH qi sicicusiescc cist. Wide Range Dual Programmable Operational Amplifier 
HS-5104RH....................... Quad Low Noise Operational Amplifier 

FIS-SSGOPT ca rernctecsneenenee High Speed Latching Comparator 

Fee PAE vicdeesisncsnssaseszens Regulating Pulse Width Modulator 


Multiplexers and Switches 


PIS -SOR ARG convesiensnesaitenies 8 Channel CMOS Analog Multiplexer 
FIS=1 BADE ocpscccsicaocesegavenae 16 Channel CMOS Analog Multiplexer 
HS-302/303/306/ 

307/384/390RH ..........:00 CMOS Analog Switches 
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Rad Hard 


Rad Hard 
Rad Hard 
Rad Hard 
Rad Hard 


Rad Hard 


Rad Hard 
Rad Hard 
Rad Hard 
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Harris Microwave/Gallium Arsenide Products 


GaAs FETs 
CE ek aap nice ob be wale is 125mW Power GaAs FET-Chip 
TU SOs dee aon win whe v wey Ca cowuke 125mW Power GaAs FET-Packaged 
PU te es weds dads wb Raw owes aay 125mW Power GaAs FET-Flange 
PU gy Si Sn edi OR aN ewe wid High Gain GaAs FET-Chip 
PV ONS oe are gam nds «.n Fo eww teen: High Gain Low Noise GaAs FET-Package 
PURE oe Pe cde vs ss usu Atel eae High Gain Low Current GaAs FET 
i) cia 2.) 8 sage a a ea ae 250mW Power GaAs FET-Chip 
pa) ia 8, 29 a en ac a Ted 250mW Power GaAs FET-Flange 
BLU pag, 21 | 2 a es High Gain Power GaAs FET-Chip 
PM a as ok ond yas oe hw es High Gain Power GaAs FET-Chip 
PINAR ACs ote? os ewhies keke oebe Cat 5SOOmW Power GaAs FET-Chip 
LL | aa! °= & aa ope Paar ee a S500mW Power GaAs FET-Flange 
a), ala bs] 9 GNP sina SO a a a ok High Gain Power GaAs FET 
PU ee nb wie ce Bea Mae wk eee 1W Power GaAs FET-Chip 
PUNE SOS. 5 niu aus bees 2 eacieou wa 1W Power GaAs FET-Flange 
MMICs 
RO i ti nc ded een cn coe bat wees 2-6 GHz MMIC Amplifier 
PID Se vd. 4d Sakic Pek ewah soa544a0% Low Current 2-6 GHz MMIC Amplifier 
1 et |<) | 0 a a ne ee 6-18 GHz MMIC Amplifier 
FIMM=T1IS2Os POET soc co dec as cde cite. Low Current 6-18 GHz MMIC Amplifier 
FINI FOGG aett beh ia ccs wa ckoes oack bas 0.5-5.0 GHz MMIC Amplifier 
HMR=1050G Ts fier. ods eves DST 1.0-5.0 GHz MMIC Amplifier 


GaAs Programs and Services 


Monolithic Microwave Integrated Circuits (MMICs) 
Custom Analog Integrated Circuits 
High Reliability Screening 


tear en psec SSN a AAI END Sat 93259 I os og RS 
Sales Offices 


U.S. HEADQUARTERS EUROPEAN HEADQUARTERS FAR EAST HEADQUARTERS 

Harris Semiconductor Harris Semiconductor Limited Harris K.K. 

2401 Paim Bay Road Semiconductor Sector Shinjuku NS Bidg. Box 6153 

Palm Bay, Florida 32905 Eskdale Road 2-4-1 Nishi-Shinjuku 

TEL: (407) 724-7418 Winnersh Triangle Shinjuku-Ku, Tokyo 163 Japan 
Wokingham RG11 5TR TEL: 81-3-345-8911 
Berkshire 


United Kingdom 
TEL: 44-0734-698787 


DISTRIBUTORS IN U.S.A. DISTRIBUTORS IN CANADA 
Anthem Electronics Hamilton/Avnet Corporation Hamilton/Avnet Corporation 
Falcon Electronics Schweber Electronics Semad Electronics 


Hall-Mark Electronics 
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